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is substantially improved, and will 
cijrit@ue  to udatethe documents, as 
needed, between proposal and 
promulgation of this  regulation. 
2; Technical  decisions  contrary:  to 

SAE and NAS  recommenldations were 
'presented  without  discussion of 
alteniatives mor justification for @e . 
,Agency's choices. :,* 

EPA 8epIy: Detailed,i+cussfons' are 
provided inthe criteria $oduine,nts o f  
'I issues raised by the SAB, 'as indicated 
fof dochnent-specific co*ents below. 
Thebasis ,for adoption of SAB and',NAS 
recommendations is presented in 
iridividual criteria dochienti a n d .  

described briefly,below; EPA's.aduption 
of advice ,and gui@nce has attgmpted 
most  apptGpriately  resolve  pofentfally 
conflicting tecgphendations,  and 
striires  to be ,consistent both inlern.ally 
and with'other Federal Agencies'ih its 
assessments of radiation,risks.,:EPA's 
mo&fication of the'  ICRPidosimetric 
models is used  'for assessing doses and 
ridks from radium, F a n i s  and grpss 
alpb,~ emjttgrs, and for$stimating~qoses 
used.ih,catcUlating the'effectke d&e 
eqtdy$ie,dt,  which  seJ$es"as  the basis of 

~ the standard for beta and photon 
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Response: Chapter IX of the Radon 
Criteria Docwent addresses 
uncertainties both from the range of 
assumptions and  modelsand from 
parameter variability. 

should be  updated and made consistent 
with the ORP approach, and  the 
appendix discussions of non-cancer 
health effects of radiation exposure 
should be omitted.. 

EPA Reply: The discussion of qiner 
data, including Lubin et a1.,(1990, as 
cited in EPA,  1991c], tias been updated 
(Radon Criteria Document section 
Vi.B.2) and risks"o1 inhaled  radon 'decay 
products Have been listed  separately for 
smokers and,nonsmokers (sections V1.C 
and VIII:$;& Table: VI-l).'GBnetic effects 
are dischssed in the Radon Criteria 
Docmhent*(sections VI.B.1,  WI.B.2, 
VIILP, qiA.4  and IX.B.3, Tables VIII-7 
to yIII-g);,because qese  ma$ be 'relevant 
in $Aqontext of radon in &in$xig 
wait+,*' 

4,;,me basis for the  rate'of . !' " ' 

cons2mp:ion  of tap water, and $e loss of 
radoYd SMdd be pregented and ' '' 

3. The discussion'of radon  health risks 

defeniied. ', ' . I  

sepkirate'4,qocument  (EPA  1991h) ahd 
summarized,in the Radon,Criteria 

E&'Replr This has been  don6'in a 

Document (sections IV.C.l,  ,YIILB12 and 
IX,B.l)L), 1 ,  " i ,  
5.: TJhe'lbasi's 'for the selec$ionmof, the 

transfer ,factor for waterborne'cadon 
co,ntriljuFion to indoor,:air'rddon levels 
shouldjje  ;pre'sented  and,de.fended. I 

R @ p p e :  This has  been,done in p 
sebarate'dpcyrnent [EPA  1991h] dnd 
s+mar$ed.in the RadoQ'Griteria 
Document isdctions IV.C.2,  YIII.B.2 :and 
IX,&3  ,and;IX.B.Z). 

me,;daily'8acute exposure from 
shkweri$g'sliould be considkred, 
in$dinp the &egree of radon 
eqp+$ri+{ 

EPA:,Re,o!y:'This has been done in a 
separatel;d;&dment [EPA  1981h] and 
sui$mad$@ I&, the Radon Criteria 
Dbcumebt'&s&$tions IV.C.2,  VIII.B.2 and 
IX&$iahd, )2$B.2). 

Ti Ad&fion$l~'analysis of the ingestion 
m ~ ~ e ~ , b ~ ' , C r ~ ~ f o f o r d - B r o w n  [1990) would 
be bsbfql,, i$clbYing  ,extendi$g the 
a ~ ~ l ~ s i s j b S ~ ~ ~ ~ e r t a i n t y .  

ep&!,The analysis of 
unce&di!itgi$/rBdon ingestipn risks is 
exkeddeb~ i&[@S Radon Criteria 
D8&+k&tt:&'s&tions IX.A.2 and IX.B.l). 
The m~CIC.l.l~~~~awford-Browin [1990), 

reviebed  ~oucnals (Risk AnuI. 11:135- 
143,199?],  wits, considered to be the best 
analysis' a@lable for assessing risks of 
ingesfeq rad&. 

8. The; d ,qcpent  should not'contain 
incoeect definitions of fundamental 
techn'ical  tdr&s or basic fallacies. 

, ,  

w$ichIh"s,#& published in peer- 'k .: b ' , :,'I# ,. 

/,  ", 

EPA Reply: The Radon Criteria '. 

Document has undergone extensive 
internal Agency review to correct 
inaccurate terminology. ' , 

iv. Manmade Radionuclides 
Document. 1. The  document on 
manmade radionuclides used risli 
factors inconsistent with the other 
radionuclides discussed here and used 
an  ad hoc extrapolation of risk factors. 
based on an assessment of the BEIR V 
report that  has not been submitted for 
review by the SAB, in spite of a irevious 
agreement to do so. 

EPA's established risE factors have been 
used,in the 'revised Criteria' Document. 
Use of risk factors based on the BEIR V 
report will be delayed until EPA has 
reviewed these with,the SAB/RAC in a 
separate,evaluation. 

2. The evaluation of risks should be 
based on the ICRP effective dose 
equivalent concept. 

dodirnetria  model [the RAgRISK.model), 
based to a large degree on ICRP models 
and parameters, in themvised criteria 
dacument on beta  and photon emitters. 

3. The ,document $hould:define the 
potentla1 risks of exposurixrather than 
difide !the regulatory kalue of 4 inrem 

EPA Reply::As described above, 

'EPA Reply: EPA has used its own 











isotopes emit radiation as  they undergo 
radioactive decay (alpha particles, beta 
particles and gamma rays or photon 
radiation). They can  be ,classified 
generally into two'categories: natural 
and man-made, and  are  also frequently 
categorized by their primary mode of 
radioactive decay, i.e, by alpha or beta 
or gamma  emission.  Most radionuclides 
are mixed emitters to some degree, and 
each has a primary mode of 
disintegration.with some smaller 
percentage of,the atoms present 
decaying by'bthers. The aatural 
radionuclides are largely alpha particle 
emitters with some beta particle activity 
from  {he  progeny. The most significant 
natural radioridides  (as determined by 
their levels of occurrence in~drinking 
water  and their p,pteritial to cause 
adverse health effects by this exposure 
route] are radbn-222,  radium-226, 
radium-228, add ijrqnium. Some other 
alpha erhitting radionuclides have 

occasionally been found in drinking 
water. 

In setting drinking water MCLs, the 
agency generally sets individual 
contaminant standards. In thisnotice, 
EPA is proposing  to set MCLs for the 
most prevalent radionuclide 
contaminants, and  standards for broad 
categories of other much less prevalent 
radionuclide contaminants. Because in 
this notice EPA is proposing to set MCLs 
near the estimated lifetime risk 
level for the contaminants regulated, 
concern about co-occurrence of these 
contaminants at the MCL levels arose 
(EPA,  1988a). Water supply systems 
having two or more of these 
contaminants at the MCLs could be 
placing their customers at total risk 
.higher than EPA's target of lifetime 
risk.  In addition, co-omurrence of 
several  that  can  be removed using the 
same treatment could,make removals 
more  cost-effective. Because the data 
examined to date  are 1imited;EPA 

solicits additional data on co-occurrence 
to enable a more complete assessment 
of the potential for co-occurrence of 
these contaminants near the proposed 
MCLs. 

The natural radionuclides involve 
three decay series which start with 
uranium-238,  thorium-232 or uranium- 
235. These three series are shown-in 
Figure 1. These are called the yanium, 
thorium, and actinium series, 1 ' ' 

respectively. Each series decays through 
stages of various nuclides which emit 
either,an alpha or 'lieta~pdrtii3e''as they 
decay and,  ends with a stable isotope of 
lead. 4 number of radionuclides also 
emit g a m a  rays, which, accompany the 
alpha lor beta  decai. The uranium-238 
deries,:contains both radium-226 and 
rddon-222 in the decay, s,erfes and'ends 
with the stable lead(-ZU6. '@e;  thurium- 
232 series contains ,radi&-228 and  ends 
with the stable'lead-208. I ,, 

BILLING CODE 6560-50" '"' ' ' 
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Figure 1. Uranium and thorium  isotope decay series 
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were  reported for plutonium-238, at two 
sites. 

'I ; 

, ,  I,, 

I .......... ........... b: S V ~  &ldence . !zero. 
, ,, , 

. ''IlweighfI af ' 
, ,,consid@tin$ 

evidence, 
pharrnacokine- 
tics. gnd 
exposure.. 

. ,  
TABU 1 .-EPA's THREE-CATEGORY AP- 

PROACH FOR ESTABLISHING  MCLGS- 
Continued 

Category 

II ...................... 

111 ..................... 
'1. 

Limited  evidence 

weight of 
considering 

evidence, .' 
pharmacoki'rk- tics. and . , 
exposure. 

Inadequate or no 
animal  evidence. 

RfD approach 
with  added 
#safety 
margin  or 
10-6tO 10-6 
cancer  risk 

RfD approach. 
'range. 

1 .  1 





. .~ .. :. 

lauwuuulutzs auu LU yruv lue lur wurKer 
safety. EPA uses a dosimetric model 
that is very similar to the ICRP model in 
a computer program called "RADRISK' 
which uses the ICRP type models to 
estimate risk to the qeneral population 
due to environmental exppsures. EPA 
views use of dosimetric models as a 
means of integrating all information on 
the risks posed by radionuclides into a 
more complete evaluation, of the risks, 
and  tries to appropriately .use all 
information in  establishing,,the model 
parameters. 

C. Adverse Health Eflects of'the 
Radionuclides 

I , 1  

IThe radioauclides for which'yDWRs 
alcq,proposed in today's Notice are  all 
cia$sified .in, Group A, k n b w  huinan 
catcin9gens:'For radium and  radon this 
cl8gsifitMion is based on!direct human 
ep&emiblogical evidence- In tlie base of 
ur$iaiwn;; the l,classification is'bas'ed on 
$e;'kqowledge that uranium is ;deposited 
in: ;$be,body, ,delivering calkiilaljlij doses 
of ilbniziag radfation  to the tisspqs. This 
is $so hu? of beta, gamma,, 'and #hoton 
emitters! !Des@te  differd$&e,s 'in'rbdiation 
type, kiier&;,p li~I&life; the phealhi 
effects 'of.,r8diatioO are  ideqtical.' 

1 :  ,, , 1 ' " , 

T$q 
CARC 

. . ., .. ., 

' 1 ,  
Isotope 

Rn-222 ... 

Ra-226 ... 

Ra-228 .... 

2.-Q'J4 

, 4  ' 
Cdncbr 

D G $ ~ ~ I ~ T  

gioup 
I 

4, ......L.. 

4 .... ... . . . . . 

4 . . . .. . .. . . . . 

CINOGEN1CI;TY OF ,HADIONUCLIOE+ 
Ccsfltinued , '  

Isotope;: 

uranium. 

Beta/ 
gamma 

Cancer 
group 

A .. .......... 

A .. .. .... . . . . 

Summary of basis 
, , ,  

a 1  

Emission of ionizing  radiation 
'(alpha,  beta  and/or 

and its decay  products. Al- 
gamma  radiation) by U 

though  there is little  direct 
evidence of U c h w g e n -  
icity; Y is found in soft tis- 
sues ana  concentrates in 

bo@  burdens  depostt cal- 
kidney  and  bone. These 

culable  amounts of ioniz- 
ing' radiations in ' t i d e .  
These  tissues  are e h t -  
ed: $0 respond  as' they 
w d d  to Cqy other, ion@ing 
rddiatipn  ,i$ndi ,be at  in- 
crehed risk frbm  cancer. 
These  cbnclusions; ate 
supported byljhe results of 
animal,  lnstlldies , , (Hodge. 
1973; Mairibrd et' al., 

799le). '1  ' ' '.i 

1953; &8S, 1988; EPA, 

Mdnsive human  .e$demio- 
logical  data i; a, number of 

show inyeasing  risks of 
irqadiated? , ,populations 

various 'types "!of cancers 
with  .increasiqg  "doses of 
ibnizing iadiati~n;!most no- 
tibI,y,  n&lJapanese,  atomic 
tjonibkur4irZor&  Also  sup- 
porttid b))  'animal study re- 
&Its  (NAS, i 988); 

, .  
, ' I I  8 1  , ' I  

1. Radium426 and  Radium428 
The Agency has placed radium-226 in 

Group A based upon clear evidence of 
carcinogenicity to humans and animals 
(EPA,  1991b;  1991p]. Most i$formation 
on human health effects of radium 
comes from epidemiologic studies of two 
groups: (1) Radium-diql painters in the 
early  part of this c e n q ,   w p  ingested a 
considerable amount ,of radium ,paint 
[containing various pr,pportions of 
radium-226 and radium-228j ,by 
sharpening the point, of the :paint brush 
with the lips and (2) patien$ in Europe 
injected with a' shorttqved Ihotope of 
radium, radium-224, for treatment of 
spinal  arthritis  and tul#rculosis, . 
infecfion of the bond (NAS,$388; gPA, 
199ib]. Radium-226 aqd,sadium-228 1 are 
category I coptaminadts. ) 
., Harmful effects of r-qdium result from 
tissue damage causea/by the , t 1 "  

radioactivity of radiu+ ,and, its, 
daughters (ATSDR, 1990). 'I;he,dosimetry 
of radium is controllea ,by its chemical 
and radiological properties.~ Because 
radium is chemically qimilak to calcium, 
it i s  sequestered in  bone: so' ingestion or 
inhalation over a short period results in 
long-term accumulatiob. Thp I two main 
isotopes of radium am: radilum-226, with 
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'exist at approximately.22 pCi/l radium 
226 in water. 
Radium-228 

Excess incidence ofbone sarcomas 
'among humans occupationally exposed 
to radium-228. 

Excess incidence of bone sarcomas 
among laboratory-animals injgcted with 
radium-228. ' ' 

A calculated mo$t&y risk from 
lifetime ~ e s t i o n  of ~&dium-228.in 
dri&ing water of,3.8 x 10-6/pCi/l," 
assuming 2 liters consumptiqn per day. 
A ljfetime, mortality tisk:of lo-4would 
exist at approdimately .26 pCi/l raaium 
228 in water. 
2. Radon 

, - , i, ,, ' , ,  

, ,  

EPKS primary concern in regulating 
radon hi drinking water is risk from 
radon  released from water to the air in 
residences. Inhalation is the primary 
exposure route of concern,, lung is the 
target organ, and lung cancer is the 
elidpoint of primary conceh. EPA also 
believes that some cancer, rtsk to 
interrial organs is posed bfingesting 
water containing radon,, and brekihing 
radon gas, and  has developed 
dosimetric models  for estimatihg risks to 
interna1il:organs from ,the'se lexposur'es 
.[ERA,  1998c).. ' 8  

The Agency has classified radon-222 
as aPGroup A carcinogen :based on  
sufficient  evidence for a.causal. 
assbuiatibn between exposure to radon 
andgung cancer in humans (EPA, 1991~; 
NAS,',1988). In addition,&data from 
stuaies with experimental ,,animals also 
provide sufficient evidenpe for the 
carcinogenicity of radok:lpe -fact that 
ionizing 'radiation is classified a s  a 
grdiiplAcarcinogen, protides the basis 
fori:4brisideringwatlon to, ;p@e cancer 
riski$hen ingeited andif& radon gas 
that is inhaled; ,;absorEek'l' l p d  distributed 

a .  .Radbn risks from'i)hblntion. 
Human :;epidemjolsgic: d& have been 
obtaineil&om'groups ;o$@derground 
metal-or4 miners mai$$'$p the,United 
States '(ColoratJo  Plate@, ,Canada 
[Ontario{,,and EldoradoIl ,ll c. , . 
Czechodovakia, .Swede9 ,i[Malmberget], 
Newfo$Qland~,and Grehf, Britain. These 
studies ibave !qeen reyietupd by NCRP 
(1984a,b), NIq$H (198X4,!1ICRP (19871, 
N&,(1988);D,bE  (1988)j./$nd  EPA 

Q$&, 19&p). , , 8 ,  ~,,,>:#I ,mir 3 

represents a large, cleails delinined, well- 
traced, pipulagion havi$g individual 
smokinggrhisto@es and gbqpo,sure'records 
and a~f~$llpw;up peripd+i/++ceeding 20 
years,lasll'rep~d~ted in E#$, 19901). 4 s  of 
1982,Atdbi  ilunirlcancer deaths  had 

dt-ieA'st~[#,j+ars undergrohnd (as 
reportev, ihl,EPA,  19901). For Fxposures 
of ~Z&rs~~pr~lor+ger, the dose-related 
incrdagf in:ilqg cahcef had  been 
e$tabli&he@. For ekposures oi less  than 
l~:?raai.~;'a,nor;linear relatiohship 
existalb s& that increasing dose ( m M )  
+d'npt result in increAsed risk,.if" 
qkp&pp Has  1ess'Fan 5.6 to'9% years. 
In*tl$e.23.'5p$ear group exposed to the 
highlest  leire1 ,of radon (716 WLhjl), 82 
1 G  cancegs were observed compared 
with.'@ eqjected (SMR=820]. ;Recently, 
4 significadt excess of lung cancer was 

50'V$M (,b'evc et al.,  1988). Thi! mean 
attributable  annual  cancer risk after 
aho$30 of obsdrvatiomin the 
wholie  'stuidy was .apprpximately%l 
,cq+$  per'lsypar per WM/IOG persons, 

persbns start i% exposure after 30 
yealip  of  4gp the risk was approximately 
30 cakes' per year per WLM/106'persons. 

morTality study involved a cohort of 
1,41$.mine#s who had hworked 
unclergrouqd f o r  'more than one calendar 
xeazffrom, $897 to 1976 (as reported in 

', EP&\i19901). Mean exposure of these 
miners;fo +don was estimated to be 
,93.7jpLMd..The major source of 
airbbrne radon and radon progeny was 
radon dissolved in groundwater. Excess 
lung(50 observed vs 12.8 expected, 
SW=390] an$ stomach.(28 observed vs 
15;1;pxpected,:SMR=185) cancers were 
repgrted.'zhe ejtcess risk for  lung cancer 
firstibecome evident 20 years after the ' .  
begipning of 'underground mining.  The 
low, exposyre levels, long  follow-up 

increasbd to355 compkksd with about 50 period, andstability of the work  force 
expected  (Stahdard Mortality Ratio, are the strengths of this study. 

obse$ed'lL {q i! exposure pategories below 

T$e Malhbergef retkospectiye 

\ ., , 
Sh4R=510) a-cohort of 3,366 white 
and 780 nonwhite male miners. The 
major weaknesses of this study'are the 
great number of pines (2,5001 involved 
(some with fev\r  Fadon exposure 
measurements),.self-reported work 
histories, and high,Fposure levels. 

The cohort in. the Ontario study 
consisted,, of 15;094 persons who worked 
for 1 or more montlis in uranium mines 
d u r Q  the 2953-74, period (as  reported in 
EPA, 19pOl] .  Of,those  with a.cumulative 
Working @vel Month (WLM) exposure 
of  340 W b i  or greater b'y 1986,14 cases 
of lung Gancer  iyver"e observed cQmpared 
with,3+teXpebted:iSMR=412).' (One 
WLK~ of e x b o s ~ e  'is appro6ate ly  
equtjl to %being exposed to radon  and its 
progeny,Jat 200 pGi/l h-air for 170 hours, 
or ,$ hot& daily, foi 20 days.] This study 
invo)ve%  Ibw ,mean'cumulatfye 
exposures, with reas'onably @od , 
workinglksfories  but limited,I$.moking 
histories!jl 'i~l" 
of 2,$33Wiers who began mining 

The'Gzi$qhoslovakia&ohort consisted 

u f a n i u m ,  o r e h  1948-52and bad worked 
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, I ,  a $4' ,_, V U ' ,  

, ,, to ha+. fewer i+kqrtaGties :than -&er 
approachy to assessing radon.,risks. I 

EPA soqcits ,public gomment,on its 
assessdent of.&sks,frpm radon in 
drinking Water. X i  particular, EPA' 
requests comment on  its estimate of 
water contributions to indoor air  levels 
of radon a d  'exposure during 
showering, and its  estimate of risks due 
to directly ingesting radon in water. 
3. Uranium 

. ,  

, I  , .. 

Exposure to uranium (U) is of concern 
because of the,radioactive  nature of 
urariiqni and  its ubiquitous occurre~ce 
in.the environment, inciuding water 
supplies. Kidney toxicity and 
carcinogenicity are the primary adverse 
effects of'conc,ehi  associated  with 
exqosure to uranium (EPA,  1991e).  EPA 
proposes to regulate uranium a t  the level 
that,,wjll be protective of both  its  kidney 
toxicity, and  its carcinogenic potential 
as well. Studies in bo'th humans  and 
aninids ShovYi #ranimi toxicity to the 
kidqeys. ,The EPA ,has also classifie'd 
luraliiimi in Gr'dup A as a human 
caqcillogen (Oufficient ,evidence of 
cd$3n$genicitjr in humhs) based  on the 
f&ct.that uraniuin emits  alpha  radiation, 
8' Mell-establissed carcinogen (whidh is 
atsol classified jn Group A EPA,  1991p), 
andmuraniurn is an analogue of radium- 

~-226+a,yel17known.human.:carcinogen in 
Bong  (EPA, 1991e).,l, 

a:liCprcinogeqic& The, cdrcinogenic 
effeths~ of ur4niurn have  been 
chd$?d#terizd:bas-ed on effects of ' 
ioniRTg radiation generally, the 
sin?$a!ity  of uraniyb to iqotopes of 
rad$""" and on the effectsb of high 
, a d \ ,  ty uraniuni. Ionizing radiation has 
bee+ classified by EPA as a Group A 
c a d h g e n ,  and EPX cdnsiders  all 
e&ters of ionizing radiation to be 
c&nogenic  tEPA, 199lp).. Studies have 
ald.+fiown  ht,ui.anipni,.lae radium, 

1 rimarily in bone, and  that 
bgiie#sarcomaq$nay  result from radium 
ing$st+m (EP$;!I~~I~; '1991e). The 
ind&hion  of bone sarcomhs is regarded 
as,  aAcommon,propertj of Foih radium 
andhrhniu$$wh?ch is.beli&ed to  result 
from the alphaiijmissiofrs  of these nuclei 
asthey decay.~Tinally,,stuaies of 
enriched and liigh activity,isotopes of 
uranium have ghown &em to be 
carcwogenic in ;;animal st$dies. 

:,!?+dies using1 naturll urhniuni do not 
prbpde diredt evidence of carcinogenic 
potehtialq,[eA; 1991e)i Malignant 
tumors were bbservedin mice following 
injciction of uranium-232 +.aranium-233 
(a! lye ls  greater than@.l;pCi/kg), but 
ndtffollowingiinjection of ,natural 
urai$um [Finkel, 195315 probably 
beckuse radi,ation dose levels were 
aboilit1100-fold,lpwer than  the .dose at 
which the tumors were observed for 

*'C 

ac,c&i+lates "1' p . . ' ' 

uranium-232 and2233'by injeciion. 
'Highly edichedpraniyn (i.e,,,uranium 
enriched'with the Fore radioactive 
isotopes].has  been shomtqipduce 
bone sarcomas  in-rkts (NAS,  1988). 

Existing human epidemiology data  are 
&adequate to assess the carcinogenicity 
'of uraniumkgested  in drinking water 
(EPA,  1991e). However, some 
epidemiological data  do suggest that 
inhalation exposure to uranium or direct 
exposure to uranium deposits may be 
carcinogenic' in humps. Polednak and 
Wilson (as  cited 'h Qupree et al.,  1987) 
found nonstatistically significant 
increases in cancers of the digestive 
organs in workers exposed4o airborne 
uranium, although confounding 
vai-iables were present'FPA, 1991e). 
Wilkinson (1985) reported higher 
mortality rates from gastrio cancer in 
New Mexicolcounties located over 
urariium,deposits. However, other 
etiological factors (such amadon 
prpgeny and  ;trace  dements)  may be 
-in;ir?lved (EPA, .199je]i 

EPA estimated the 'carchiogenic risk 
asb/oc=ted $ith uranium exposure using 
t&$L@itISK,dosimetric  (node1,'as 
ddficribed ini!he.revised Drinkiig Water 
Cyfeja Doccknent for uranium @PA, 
19~1.e). RPA!~; ,earlier draft of this 
docurpent (EPA, 19894 and earlier risk 
aspiessmpnt used a gastrofntestinal 
uptake.l(f13 factor of 0.20, which is 
revised in thhpdated Criteria 
Document fEmPA,  199Oe; 1991eI to 0;05 in 
response to comments by  the SAEi/RAC. 
While EPA believes the 0.05 value 
represents a ;best estimate,'the wide 
range of values reported in the literature 
for tkie pranium f1 (from less than 0.01 to 
o@o) indicate,that  there may be 
substantial uncertainty associated  with 
t l p  0.05 value. The individual studies 
b$a;ling on this issue are described in 
thbsgpdated Criteria Document (EPA, 
1991ej. 'PA'sOlicitS public comment on 
the issue of +e uranium f1 value. i 

Using a gastrointestinal uptake (fi) 
factor .of  0.05,' risks of €atal  cancer 
estimated using the RADRISK model 
indicated thlat uranium in water  poses 
cancer risk of approximately 5.9X10" 
per pCi,ll, assuming 2 liters-daily intake. 
Concentrations in  water of 1.7 pCi/& 17 
pCi/l and 17o'pCi/l korrespond to 
lifptime mortality risks of approximately 
-1 X 10-6 , .1~  io+ and 1 X 
respectively? 

target organ of uranium's chemical 
toxicity is the kidney (Hodge, 1973; 
Leggett, 1989; EPA,  1991s). Based on 
available toxicity data, rabbits  have 
been identified as the most sensitive 
species  (data summarized in Table 3). In 
humans, symptoms of transient 

/I 1,',I'.. 

b. Non-cancer effects. The major I 



.- . i' 

NepFokoxiiity has  been reported in 
rats,  rabbits,' and/or d& fed various 
soluble uranium compo.linds for fieriods 
of 30 days; 1 year, o,r'2 ypars (Maynard 
and Hddge, 1949; Mkynasd et a& 1953). 
Treatr(knt-i+glated liistopathological. 
change's were observed'lin @e kidneys of 
rats fed V02F2,~U04N0~)2~ 6&0, ' b d  

: !  

I ' ;, 
. .  1. 

UCb. No histopathologic changeslwere 
found:.in the' kidneys of rats fed. , ' 

,insoluble.uranium compounds. Adute (30 
day) expasure  oflrabbits  to uranyh 
nitrate d o w p . 2 . 8  mgjl&/day @:he 
diet resulteqlin renalrdamage a t  all dose 
levels [Mayhard Bnd Hodge, 19491:EPA, 
X991S). ' " : :;i i 

uranyl  nitrate ............................... 1 .................................................................... ' ~ 9.1 . .  0.5 B&Y weigw  depression,  '+ld'h++r  nk&$is,oflkidneys. 
Uranyl  ,fluoride :... ..._. 0 ~ 5  Uranyl  nitrate 1_... Body  weight  depresgon. ' ' ' 8' k~,; ,I ' ' I!, 

0.1 
............................................................................................... 0.1 . ' '  0.5 B&ly weight  depression,  &ibn8yIIct&ged;. ;II 

Uranyl  tetrafluoqide ......................................... 1 ~ 2 20 Bad9 weight  depression,  kfdneylsctfpges. , ' ' 1  
~ ................................................ 

Uranium  dioxide effects ...................................................................... :...:.::.I .... !! ................. 20 Nbitokic 
I #  , , : . , , ? I  , ,,, ' ;:I 1 

........................................................................................ 

'. 
, ,  I #  , 

Source:  ,Maynard  and  Hodge (1949, ;as cited in US. EPA, 199l.e); Maynard  et at. (1953, as c!;edljn U.S. EPA, 1991e)l.~ ' , , ~ :  ,I: ., I I ' I '  
I' , 

, I  I,ii ' 8  , 
'I ' 1 :  ' 8  ~ 1,' 

The,mechanism of acfion of,uranium 
in rend toxicity i s  not fully understood 

, , (Leggett; 19891. Nephritis and changes in 
urine composition are the primary 
symptoms (EPA, 1991eJ 
Morphologically, the most evident 
changes occw in the proximal, 
convoluted tubule of the.nephrons. 
Necrosis of the tubular lining occurs 
first, followed- by a clogging of the 
tubules with cellular debris and 
appearance of the debris [casts) in the 
urine. Regeneration of tubular lining 
cells within 2 to 3 weeks'can occur in 
nonfatal cases, but the qells are not 
normal in appearance..The mechanism 
of action may involve iderference  with 
sodium transport across1 membranes, 
damage to lysosomes, of destruction of 
functional properties in mitochondria 
(EPA, 1991e). 

In addition to renal'effects, a k m d  
studies  also'indicate  that e x p o s h  to 
uranium ma$ be  associated witl#dermal, 
ocular, teratogenic/reproductiv '1 .and 
hepatic effects as well as lethal$, at 
higher ekpo+res [EPA,  1991e). "' 
Histopatholdgical changes (disto:#on of 
centrilobula? and.perilobular zodes] 
were observ$d,in the livers of rats fed 20 
mg (9;s ,mg'v'/kg), uranyl nitrate. s ;  ' , ,  

Oral administration df uraniurilto  rats 
and mice has resuited in embryo; 
lethality, adverse  fetal  and  neonatal 
developmdnt;; increased  fatal resb&tion, 
reduced fetal body ;weight and  , le~gth,  
adverse funbhoning of the reproductive 
system, and  increased number of bead 
young/litter,at birth and at  lactayln 
(Paternian e t  a1.,'1989;  Doming0 et  al., 
1989a:  1989b; Maynard et al., 19593. 
Brandom et 'al. (19781 found a sigpificant 
increase in fihe prevalence of 

,. . , ,  
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from the NIRS survey data  and rates. PWSs applying these BATS will achieve these estimated low effluent 
maximum demonstrated BAT removal not need to design treatment systems to concentrations. 

TABLE 5. BAT CONTAMINANT REMOVAL RATES 1 

Contaminant Aeration 'Lime  softening ..Ion exchange , ' filtration osmosis 
Coagulation/ Reverse 

. ,  
Radon ....................................... ............................... ........................................................ 

Beta  Emitters 
80-95%  98-99.4% 85-99%  65-99% Uranium ............................................. r: .............................................................................. 

' " 87-98%  75-95%'  80-97% ' Radium  (226  and  228): ............ :..: .... L .. ....................................................................... _.._ 
up to 99.9% 

"CS-137 .......................................................................................................................... 
' ?  90-99% "1-131 ........................................................................................................................... 

90-99% '95-99%' , 

96-99% 90-99% ,--Mixed  commercially  produced  radionuclides ...................... .............. !.. ,.... ........... 
90-99%' 95-99% - Sr-89 .... ......................................................................................................................... 

, .  
.I , 
, ,  . ,  . 

1 Information  regardin  'removal  .efficiencies, test conditions  and ;#other factors  are contkned in the  EPA  Technology  and &st dodurtients V&C) .and cost 
supplements to each T&& '?.e>, for  uranium,  radium, radon and  'inanmade  radionuclides  (EPA,  1984b;  1985b;  1986b;  1986c;  ,4987bi 1987~; 1887Q  1988e). 

* Mixed bed or two bed (anibnic/cationic)  exchange  resins.  Removal rate does not include 1431. 

TABLE 6.-TECHNOLOGY LIMITS FOR 
I RA~IONUCLIDE REMOVAL 

1 
gy'(BAT) 1 y:nyi- Greatest Maximum 
Technolo- 

' gEz lnfiuent 

Radon 
99.9 Aeration ~. 

i ' ,  

Radium- 
226 
I€ ............. 97 

RO ........... 98 
Radium- 
228 
I €  ............. 97 
LS ............ 95 

LS ............, 95 

R O  ........... 98 
Uranium 
I€ ............. 
LS , ............ 

99 

95  CF ............ 
99 RO ........... 
99 

Two bed 
Emitters 

ion 
ex- 
change. 99 

RO ........... 99 

 eta I 

26,000 

15 
15 
15 

12 
12 
12 

88 
88 
88 
88 

Achievable 
effluent 
(pCi/l) 

26 

~ 0.75 
0.45 

0.30 

0.36 
0.60 
0.24 

0.9 
0.9 
0.9 
4.4 

Maximum  levels in groundwater  sources of drink- 

Ndte: IE uon exchange); LS (lime  softening); RO 

Source:  .(EPA,  1984b;  1985b;  1986b;  1986c; 

ing  water  as  reported in NRS. 

(revcjrse  osmosis):  CF .(coagulation/filtration). 

1987;b 1987~; 1987d;  1988e). 

, 

The totdil;costs for the remov&of 
specific radionuclide contarninants, 
using the proposed BATs, are 
suinmareed'in Table 7. Tables a and 9 
display $ti total  capital cost and iannual 
operatioon'knd maintenance costs, 
respectively. Costs cited in Tables 7, 8 
ahd;g  are bbsed  on treatment conditions 
tliat would peqtiire removaI of fairly high 
levelsgof cotitamination. The assumed 
removal ratis are as follows: 50 percent 
for r a d i d  @o percent forradon;  and 60 
percent fqr Iqranium. The general 
assumptidn&l  ?sed to develop the 
trea'tment qdbts inclbde: chemical costs, 
ciipital cosfs' amortized over 20 years  at 
a 10 percentinterest  rate, current . 

engineerin&sfees, ':contractor overhead 
dnd profit,'l$te '1986 power and fuel 
cdsts  .and labor rates (EPA, 198413; 1985b 
1.986b;'l986~; '1987b;.l987c; 198783' 1988e). 
Costs as etiiihated  here a&-e h e  
exicitenc'e ok8ino residential POE water 
treatment si@h as .water softening for 
aesthetic  rfasons ,whicll might 
incidentally!reduce some pollutant 
levels. The@i.evalence of such 'home 
treatments /is: extremely difficult to 
eitimate aqd incoporate into a national 
level anal&&. 

EPA is presently conducting 'a study of 
treatment f+ vew small water 'systems. 
AU of thle s + ~ l l  system treatments for 

, ,  

8, ' 

xadionuclides, and also other 
contaminants, are hcluded,.and 
verifying treatment sosts is one element 
of this study. EPA will make this study 
available to the ,public when :it is 
completed. EPA' solicits public comment 
and  data on treatments that may be 
especially well suited to  snip11 systems 
and  any treatment systems' designed for 
small systems, including data on 
treatment efficiencies, adaptability of 
designs to different size systems, and 
cost to install and operate Featment 
systems designed for small public water 
suppliers. 

Costs may vary significantly from 
those shown, depending on local 
circumstances. Costs of treatment will 
be less  than shown on Table 8 if 
contaminant concentration levels 
encountered in the raw  waterme lower 
than those used for the calculations. 
However, costs of treatment will be 
higher if additional treatment, or storage 
requirements need to be satisfied. The 
costs in Tables 7, '8 and 9 do not include 
those attributable to the treatment and 
disposal of wastes generated by water 
treatment plants. Wa+e disposal 
techni4ues and  assobiate4,costs  are 
discussed in section C,, following a 
discuisionmof  BATs. 

, I  

TABLE 7 . T O T A L  PRODUCTION COST OF CONTAMlN,ANT ;?EMOVAL BY BAT ' NOT INCLUDING WASTE'BY-PRODUCT DISBOSAL COST 
( D O d R S / ' l  , O o ~ ~  GALLONS, LATE 1986 DOLLARS), 

, , ,  

I ' .  

! '  
!, 25-1 00 

Radium (50% removal): 
Ion exchange ............. .........I ................................................................................... 
Lime  softening,  new .............................................................................................. 

2.60 

5.1 0 Reverse  osmosis ................................................................................................... 
3.50 Lime  softening,  modified 
6.40 

Packed  tower  aeration .......................................................................................... 0.94 

Coagulationlfiltration,  modified .............................................. > ........................ :... 4.40 
Ion exchange ............................................................... I ......................................... 4.10 

Radon (80% removal): 

Uranium  (60  removal): 

Population  served 

3.00 
1.50 

1.70 
4.00 

0.50 

2.1 0 
2.70 

0.90 
1.30 

0.58 

2.30 2.70 
0.39  0.78. 
0.67 

0.83 
2.00 

0.1 5 

0.38 
1.70 

3,300- 
10,000 

0.33 
0.54 
0.1 1 
1.30 

0.07 

0.10 
1.10 

> 1,000,000 

0.1 6 
0.1 7 

0.01 
0.72 

0.05 

0.02 
1 .oo 



TABLE 7.-TOTAL,PRODuCTl~N'CoST OF CONTAMlkANi REMOVAL By,BmT N,OT INCLUDING WASTE BY-PRODUCT DISPOSAL COST 
. , - ,  

(DOLLARS/~ ,000 GALLONS, LATE 1986 DoLiARs)-Continued 
. . ,  

- 1  . , ! ,  
Population  served ,. 1 b ,  

, .  . , h  . 25-100 r 500-1,000 , 1.0003,300 ?<:& , , ~,>1,000.000 1'00-500 I' 
' 

I '  

L 1  , , \ ? .  . ?  - 
3 ,  , , 

.1 , i 
- /  1 , "  

Lime  softening,  modified ................................. 
Reverse  osmosis ....................................................................... .......................... 6.20 , ~ 4.70 

Notes: ' 

1 Technologies  and cost documents2dhd  cost  supplements  for,  radium,  rpdon, aid itmnium,,(EPA,  1984b;  1985b; 1986b 1986~; ,1987b; 1987'~; 1987d 1988e), 
form the, basis for,, Oosts. Costs,  were  revised in May,  1990 to account  ,for  new  system level* treatment  design,,,,flowS,  ';adopt&!  ,.by E f $ q  (EP?; 8 8  199Od). 

(l&Dollars, Late 1986 Dolls$ I : j . .  

, ,  ........ ........... ............................... I ,  * '  0.93, 0.47 , 0.20  0.03 .4.20: 2.108 
,, ,2.70  ,,1.50' ' , 0.89 

' ,  ~, 3.50 , , , , 
I , ,  , . ,  . '  , , '  ' ' S , , , ,  

,, ~ , : \  " 

-, TABLE 8."CAPiTAL  COST OF CbNTAMlNAhT REMOVAL BY BAT 1b , ,  
' a 1  

, .  , #  .., 
I 

. .  
, %  ' , I  , ,  
~, ! .  . .  Population  seded, " . I  ' ,,,, 

, ,,,>1,000,000 
' '' 

' 25-100' 100-500 : 500-1 ,OOb , I 1.000-3,300~ f& ' ', , ~ 

. , ,  

Radium (50% removal): 
, r /  ' , 

184 , ! 

Ion exchange .... ................................................................................. ................... 36  91 '180 1 280 
Lime  softening,  new ......................... ............................................. .. .................... I 79 . '  130 ' 180' 240 &40' "I;; ~ , 55,000 

'Lime  softening,  modified ............ : ..... ...................... L ............................................ . 33  74 ~ i40,,  200 , 150 ' ' 400 
peverse  osmosis ........................ ..... ' ................................... ... .............. I ................ 51  160 . , $4g'! 820 

Packed  tower  aeration ........................................... ............................................... 15  33 '\  :' 78 . lo&,' 13,000 

Coagulation/filtration.. modified ...... 2 .................................................................... : 27 ' 55  96  130 100  480 
Ion exchange ............................................................. : ........................................... 41 100 200 , 330 I~ 310 31,000 
'Lime  softening,  modified .................................. , ................................... 1 ........ 43 91 160 220  300 480 
Reverse  osmosis ... ................................................................ ....................... ~ ....... 64  200  500.i  960  1,400 I. 249,000 

'I ~3bo 8: ", . , 31,000 

. ~ l,OOO! ~8 , 177,000 
Radon (80% removal): 

Uranium  (60%  remoyal): 

: 
, 1  ,, , 

' 
. # , I  ! # I  44, ' ,  ,: 

' 

I *  I ,, . ,  , - ,  ' I  

Notes: 
Technologies  and  cost  documents,  ,and  cost  supplements  for  radium,  radon,  and  uranium  (EPA,  1984b;  1985b;.  1986bt11986c;  1987b;  1987c; 1987d 1988eh 

form  the1 basis,  for costs. Costs were  revised in May,  1990 to account  for new' system  level  treatment  desigb  flows  adopted  by  EPA';!  EPA, 199WA 

I ,  

' ., 

TABLE  g.-OPERATION,  AND"MA1NTENANCE COST OF CONTAMINANT REMOVAL BY BAT (K$/Y€AR, !ATE 1986 DOLWFS) 

Radium (50% removal): 
Ion  exchange ..................................................................................................... 

... Lime  softening,  new ...... : ............................................ .! ..................................... 
Lime  softening,  modified ............................................. .................................... 

................................................................................................ Reverse  osmosis 

Packed  tower  aeration. 
Radon (80% removal): 

Uranium  (60%  removal): 
..................................................................................... 

Coagulation/filtration,  modfied ............................................. : .......................... 
- ,  Ion  exchange ........................................................................... ~, . I  , 

Limi softening,  modified .............. : .................................... :> ............... :L ......... 
Reverse  'osmosis .................................................................................. ; .............. 

........................... 
, ,. . 

I .I 
3.8 
3.2 
4.5 

0.2 

5.7 
3.4 

: , :5.1 
3m 

I ll! I 

a *  13.000 
, . .73 9,700 

' 200 
9.1 1 .I 00 

50.000 

7.6. ' . 3,400 

250 ' 95,000 
16. 3,200 

230 , ; 59,060 

14  1,400 

Notes: 

form ,the basis  for  -costs. Costs were  revised In .May, ,1990 %o account  for  new  system  level  treatment  de&*  :flows  ,adopted by EPA  $PA,  199Od). 
Technologies  and  cost  documents,  and.  cost  supplements for, radium,  radon,  and  uranium  (EPA,  1964b; 1985b 39866;.  1986c;  -1987b; "1987~; 1b87d;  1988e). 

- , -  
I ,  I ,  

. . ,  ,~ ' .  . .  ' e. , ' I  ,I- " ' , I ! . <  

B. Best Avail'able TechnoIogies (BATs) 

1. Radium-226 and radium-228. The 
Agency proposes that of the 
technologies capable of removing 
radium from source Water,  lime 
softening, ion exchahge and reverse 
osmosis fulfill  the  SDWA requirements 
as BAT for radium removal. While 
radi~h-226 and,radium-228 are 
radio!ogically different, they  are 
chemicallji'  the Same. Therefore, the 
same BATS, with'the  same'removal 
efficiencies, apply to both. All of these 

technolog2es have  demonstrated high  Suppliks" (EPA, 1984b),  'and me',' 
radium removal efficiencies ajid  have suppl@,)ieiitary cost document.for 
been determined to  be of low cost for radi@ (EPA.,l987d]. Treatments 
xarge public water systems. All  of these ' applicable to smaller systems have  also 
technologies are currently available  and ' been identified @PA, 1988g; 1988h). 
haire'been  installed, in public water .,: . , a.:&e .pft@g. Liiiie softening is 
supplies and  are compatible with other '',; ~ ,capal#iof achieving removal , j  , . 
water t reaeent  processes currently in .. ?. ... effiaiehcies for radium of 75 to 95 
use. The full range of technical , , perceMt. At optimum pH levels (between 
capability  and unit costs for each of the ' 10 anb110.6) removal efficiencies of  94 to 
proposed BATs for radium removal is , 95  p'er$ent can  be achieved. Lime 
summarized in the EPA, publication, softknfbg, can  also be used to ieduce 
"Techuologies and Costs for the TDS,'turbidity and heavjr metals as well 
Removal of Radium from Potable Water as radium and total hardness. The 

.. 
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both large and small systems. if 
operated to remove 50 percent of the 
influent radium, costs would range from 
approximztely $5.10/1,000 gallons 
treated for systems serving 25-100 
persons to $0.72/1,000 gallons treated for 
systems serving over 1,000,000 persons., 
If removal of TDS is also  a goal, then 
using reverse osmosis is  a very cost . 
effective solution in the removal of ,  
radium from ground waters. 

by the presence of turbidity, iron, 
manganese, silica or scale producing 
constituents in the source water. If 
pretrea'tment is not'"a1ready in place  to 
remove' these constituents, the cost to 
install $he pretreatment facilities may be 
an impoqtant, factor. Disposal of waste 
brine, the lrejecf'flow representing 20 to 
50,perce,nt of $e,feed (source) water, 
and the quantity bf available feed water 
to accovoda te  ti+  techvology, would , 
require consideration,by a water  system 
in its initial  evaluation of alternative 
technologies for  rapizlm removal. 

2. Radon. The Agency proposes  that, 
of the technologies capable of removing 
radon fq;om source  water,, only aeration 
fulfills the requirements of the SDWA as 
BATI'for radon,Femoval, Aeration has 
demonstrated  radon  removal 
efficienciijk; i( ,excess of 99.9 percent. 
This tepwblogy is currently available, 
has,been i+talled , i n  public water 
supp?ied, and ,is compatible with  other 
water  Featment  processes  in different 
fegions.~ Tlik fqil range of technical 
capabil2tie'&for8this proposed.BAT is 
discpssed in, the EPA technologies and 
costs dociuhent for radon (EPR, 1987b1, 
and summarized below. 

Grani&$activated carbon (GAC) can 
also removk radon from water,  and was 
evaluat,ed as a potential BAT for radon. 
Howeve$;Ithe long empty bed  contact 
time re4ui;pd for radon removal renders 
it,infeasiplb for large municipal 
treatme#$ysterns, an$ it is therefore 
not consi@$ed a BAT for radon. 

a. Aer$&n. Aeration techniques for 
removal; @?radon from drinking water 
include ak'ikve 'processes such as diffuse 
aeratioq,'ppckpd tower aeration (PTA), 
slat trajr  a,$r,ation and free fall, with or 
wfthdui Sd@y ~aerators,  and  passive 
pt$kcs's~eS'B&Gh as free-standing, open- 
a&  storhg@fhater for reduction of 
raQon.'R$@$eduction by decay, (into 
the! dkubht'er pkoducts of radon) may 
alsp OC+ ur~up 'l'::!; ,, storage tanks  and in 
pip,elines hibh distribute drihking 
wh$er:'&$  [!idg 'radon by approximately 
191 to%$pe~se~t. c with 8 to 30 hour 
dedentian '$erio.ds. Aeration is 
cons?dddre$BAT for meeting the 
prop$seif Pddn MCL due to high 
r e ~ ~ ~ l a l l ' B ~ ~ ~ c i ~ n c i e s ,  its relatibe 

RO performance is  adversely effected: 

8 ,  
, , ',I' ,, 

I t  



. .  
. .  - . .  ..... 

instaIlation; no packing media costs: and 
reduced pumping requirements. The 

s,(EPA, 1987b) summarizesthe  case study 
+ ,of a full-scale diffused aeration plant in 

;..: .+.=>*; - Radon Technology and'cost document 

? + ~ + : ~ ~ ~ ~  . Belstone,  England which was built to 
remove influent radon, and provided 

. . . . .  '.' , long-term  removaLefficiency of 97 
..... ..... ..d. . 3.. percent: ,The disadvantages of diffused I"::,. -. . aeration-include the requirement for 
.~w;.-.~~;~ ,, , increased contact :time, the, 

1 " ' " ~  . , impracticality of large air-tq-water 

,.: . 
, .  

' I,. .?, ............ ,.. 
.:.:x. .., A& 

options which may be suitable for small 
water systems, and which may cost  less 
than the above options to install and 
opepate  (Kinner et al.,  1989;  1990). These 
options include: Open air storage, free 
fall with' nozzle-type aerator,,bubble 
aerators, and  slat tray aerators. With 24 
to:48 hours detention, open air ,storage 
may reduce radon levels by $,to 50 
percent; a free fan of 2 feet with simple 
nozzle attachment  was found to reduce 
radon by 65 to ?5 percent.kirith 8 hrs 

In one evaluation of risks associated 
with potential radon emissions from 
aeration o,f.drinkixig water (EPA, 1988~1, 
EPA used radon data from 20 drinking 
water systems in the U.S. which, 
according to the ,Nationwide Radon 
Survey (WA, 1985a), contained ,the 
highest levels of,radon in drinking water 
and affected the largest p,opulations 
and/or ,drinking water communities. 
E A  'estimated the potential, annual 
emissions' fin uCi  radonlirv;jl,  from PTA 

, I  ,#, .. t. 

1 ,  I ( ,  

20 Facilities: ,. . , 

1 
. , . .  I ,  

................................................................................................................................................................................. ,0003 6 X 10F 2.79 1.839 



I ,  

Concentra- , Emission Myym 
(pCi Rn/l )  (Ci Rnlyr) , i n d z p l  ' cases/Yex 

, Scenario ' tion in water  -from  PTA Cancer 

2 ........................................................... ................................................................................ ....................... ; ............ ' 6.22 &OD3 ~ 1 x 10-8 
3 ........ L .................................................. .......-.. I ............................... : ..... " ........................................... .:..i ................. 2,175 : . 2.85 6 x 10-1 

. .  ' ,  4 ........... 7 ......................................... ................................................. L ...................... ' ................................................... ,1,890  20.89 I X 10-5 
9 .............................................................. i ..................................... I ........................................................................... I,3ITl 1.81: 9 x 10-7, ; 
6 ............ ;" ............................................. ; ....................................................... ............... .1.'.... ..................................... 1,329 91.80. ! 2 x 1 ~ 5  
7 .......................................................... ............................................ .... : ............................ ; .................. .. ......-............. 4,085  2.26 ~ 5 x 10-1, . 
8 ............................. 1 .................................................................................................................................................. 10,640 .. 1.18 2 x 'lo-? 
9 ................................................ ~ ............................................... : ............... L: : ..................................... + ............. ..... 3,083 9' , " , -0.55 . 1; X ,lo-' 

, I ,  10 ...... ...................... -.... ........... ................................................................. : ............................. Y .............................. . ' t  3,270 
11 ..................................................................... 1." ..................................................................................................... 

, ,  2,565 5.54' ' 1'x;io-f' 
12 ...... I:.. ..................................................................... 1 .................................................... : .......................................... 1.75 '3 .x  130-7 

14 .......................................................... " .............................................. :.* ................ &. ...;:......-.I....... ......................... 
15 ................................................................................................................................ Y ........ " .................................... 1,244., 

i7 ..-/ ........ : ......................... L ............................................... : ....... : ........ : .............................. :..: ............ ....1. ................. 

. .  '' 

, i, 9.09 ' 4 ,  x , , /P5: 
" 

, ,  
I '  

4,092 

3,882 : "027 ' I x '10:7, 
. .  , , 1,03, , 5 x 1077 

16.. .................................................... ..................................................................................................................... 2,437  '1.35'  7 x"\O'7 
996 ,8194 I 2 x 'yo" e 

7,890 " 0.87'; -, '4, tlO'l? 
9,195 '.I '1.02'; 5 x lo-! : 
7,500 , , 1.04 5 X~l03- 

<ZOO 1 ,  4,200 '' -k 
4 0 0  ; I, 2,000 i vL 

61,000 ': 1 , 9 0 6 ,  , - ', 
5 ,, 8 ,  ' 

13 ........................................................ : .. i :f i ~ .............................. 1,6,135 ......... ........................... ..... ,2.23  4 x , lOt f  ............ .......................... . . 

' i  

18 ..................... ...................................................................................................................................... !................. 
19 ............................................ ................................................................. L ....... : .............. i ,...._...... ............................. 
20 ........................... .................................................................................................................................. 1 ................ 

All 20 facilities ............................ ~ ................................ ~ ................................................ : .................................... ............. 
All U.S. drinking  Water  plants ................................................. ...................................... : ........... ............... ..................... ,I 161  4 x 'io;$, 

' 

I, 1 , 
, I  ' 

l' Estimates of risk assessed  using  AIRDOSE-EPA,  ,RADRISK  and  DARTAB  air  dispersion  and  lifetime risk computer,cr;des.(EPAl,1968c). 

Numerous assumptions were apphed 
in conducting the above  analysis, 
including the following: 

100 percent of radon; 

meteorology is  used at the model~plants, 
and  flat  terrain  is yssumed; 

1980 census data were used, with 
people located in "population centroids" 
representative of census districts; 

70-year residency at samelocation, 
and exposure to  air  and radon emissions 
persists throughout 70 yrs.; 

'additive impact of exposure to 
emissions fro'm more than one plant 
emitting radon  was not accounted for. 

risks ,due to PTA radon emissions, EPA 
used the MINEDOSE model developed 
to determine compliance of radon point 
sources regulated under EPA's 
NESHAPS standards [EPA, 1989b). In 
that  study,  worst  case scenarios 
representing systems  with  radon  levels 

' ranging from 1,330 to 110,000 pCi/l,were 
identified and their potential emissions 
moqeled. These  systems represent what 
may be the greatest potential among 
PWSs  to increase  risks via air 
emissions. Only systems with very high 
flow rates posed any potential for 
increasing ambient  air  radon exposure 
appreciably. The  one modeling run'that 
did indicate a potential problem 
assumed  that  all  radon emissions, cam'e 
from a single.point souroe (i.e, the entire 
production flow was  treated through a 
single aeration tower]. However, the 

p PTA treatment applied, removing 

.typical (not site-specific) 

To further investigate potential health 

, 

community modelled relies on numerous 
widely dispersed  wells for its total 
water suppiy, and  aeration  treatment 
.could be  installed at  individual wells, 
thereby dispersing the emissions to the 
ambient outdoor air. This modeling also 
found that  systems having very high 
radon levels, (100,oOo pCi/l)  but  lower 
,flow rates,  .did  not  appreciably  increase 
ambient  air  radon levels and risks. 

Given the uncertainties in calculating 
such.risk estimates, EPA views the 
above  estimates as "order of magnitude 
estimates." Nevertheless, it  is  apparent 
that the risks to  the US. population, and 
to,the individual drinking water 
cominupitigs, due to potentially,  aerated 
radon:from'source,  water  are duch 

,., smaller (in most cases 2 to 4 orqers of 
magnitudeismaller) than the risks due to 
radon @ water,if no treatmenpere 
applied. 1 ,  

EPA is aware  that some 'states  ahow 
60 emissions from VA'regardless of 
downw'ind risks. EPA has revipwed the 
few  available data on removalof  radon 
fromiair by,'carbon. Based on these data, 
EPA'believes air  phase removal of 
railon by GAG may not be'feassble. 
Systems trying to meet local air' 
emissions requirements may need to 
rely 'on GAC in +e water phase. 

c.  Granuyar activated carbon. Pilot 
plant  studies  have  shown  that  granular 
activated  carbon (GAG] is capable of 
removing radon in drinking water  at 
efficiencies of 90 to 99 percent (Kinner et 
al., 1989). The efficiency of removal is 
dependent upon radon concentration, 

-0oO8 

. O W  

. O W  

.oooo 

.0040 

.oooo 

.om1 

. O W  

.O" 

.0023 

.ow1 

.OD00 .ow1 

.ow1 

.ow0 

.oooo 

.OW8 

.O" 

.OOOO 

.016 

.4 

.09 

.2 

the ,mass of ca'rbon in the GAG column, 
empty  bed contact time (EBCT) and 
contactor confi&ration,(i.e., upflow or 
do*fllow). Tl)e pilot studies have 
shown radon to requirewlonger EBCT 
than bther adstorbable (e.g., .organic] 
materigis. Thds, . t j i  achieve a 90 percent 
rem?va.l  effici#ncy vciith a radon influent 
conqentration lof  10,OOO pGi'/l, an EBCT 
of approxiinatby '70 miiiutes may be 
reqdirell. The nee&for ,such a lengthy 
EBCE means tpat,;GAC may not be 
p radc i l  for large municipal'treatment 
systbhs [EPA$,l987bJ and  it  is therefore 
not 3n:idereq B4T, , 
; Mother, disad$ntage associated with 
the,&e,, f,carljon;for radon removal is 
the $rnl~Iup ,;of p#iation: inside and 
surr$hihing  the'GAC contactor. The 
raHiqqq%lides Pat ' 'pay build up, on the 
GAC lb@dia!al;e @e progeny of radon, 
spedifidhlly ;the 3dioactive isotopes of 
1ead~'~~~Oloniuq' a$d  bismuth. The short- 
live4 $aaon ,prkgeny include Pb-214 and 
Si$??$.  Ilon$-li$-idi$adon progeny include 
P~-2~~,',$i-21O,ltan~~Po-210. The level of 
gam$a fadi$tdbn,,k&rrounding the GAC 
vesstl depend!  o$:$he ,$nount of radon 
remq4e.b gam@dfntensity  drops  sharply 
witl(increased dihance from the GAC 
veaspl.  Due  to the,,buildup of radon 
daugute!  prodiictkj,!siich as lead-210, a 
beta  ,,@@tide  emiiiir, the GAG unit can 
beco*e,;a sourc:e,of lowdevel radiation, 
and ma$ present a disposal problem as 
well. Studies have shown that the 
radiatjon level iq'usually less  than 1.0 
mR/hr. ,at a distaece of three (31 feet 
from, the GAC tank' surface (Kinner et 

E 
Ir 8 .  r 



*. , . . . . 



... . , . 

. .  . .. 
.. . . 

contaminknt.,Relativ,ely little . , \ : 
informafion '*as available "on ,. . . % ' 

treatabiiib of plutonium i n ,  water , i'. i.:. 

supp€ies. However, p1utorriUm appeap :. 
to be removed$ycoaglilation and , ' 

filtration technology, particularly where, 
the contaminant is associated  with 
turbidity in surface-.waters or w i t h '  

colloidal hydroxide particulates.. Surface . 
water, contaminated with  trace a,moun.ts I ' 

plutonium 239 and 240, ,such as Lake 
Michigan [fallout derived plutonium) ' :, ., 

and the Savannah River (downstream : 

from a nuclear po ier  plarit), have  ;been - 
treated for industrial and municipal use 
with coagulation/filtration technology. 
Raw 'hflhent waters coqtained 1 to 2 
femtocuries of plutoniurh per liter. of 
water. Removals of plutonium at these 
facilities have'been,recorded  in the 
range of 25 to 96 percent. The addition 
of carbonates through lime and  soda  ash 
appears to  contribute to'  the coagulation 
add removal of colloidal plutoniiunfrom 
natural surface waters. Plutonium 
removal efficiency-was found to 
increase with higher plutohium 
concentrations. Nonetheless, in regard 
to the1 application of coagulation/ 
filtration 'for removal of 'plutonium  from 
'water, EPA finds that  the  wide range of 
efficiencies that have been documented 
prechide its designation as a BAT for 
alpha emitters. 

that effectively remove polonium-210 
from drinking water to achieve 
compliance with the gross alpha 
standard. The results of treatability 
studies ,conducted in Maine on well 
water containing high levels df 
polonium-210 are discussed in detail in 
the Cost and Technologies Document 
cited above. in the Maine field study 
conducted over 2 months.during 1990- 
1991, anion exchange, reverse osmosis, 
and granular activated carbon (GAC) 
were teated. These tests  showed  [after 
correttion of some  clogging and fouling 
of the ion exchange and  carbon units) 
reverse osmosis with the highest 
remoeal rates (98-99%), and GAC (69- 
93%) and ion exchange (52-83%) 
showing somewhat lower removal rates. 
Water pH  may affect polonium removal 
rates for GAC and ion.exchange, but 
this has not been documented. 

Technologies and Cost document form 
the basis for a decision by EPA to 
propose a BAT for removal of alpha 
emitters. RO has provided the highest 
removal efficiencies and is proposed as 
BAT for alpha emitter removal. 
C. Waste Treatment and Disposal 

The treatment and disposal of waste 
by-products generated by  the treatment 

EPA has undertaken to identify BATS 

The Maine treatability studies and the 
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processes  increases  overall'water 
treatment  costs, especially for  small 
systems. However, in establishing 'BAT, 
EPA identifies the treatment and 
disposal technologies that  are ,, 

reasonably available for large 
metropolitan regional drinking water 
systems (i.e., systems which service 

50;dbO to 75,000 persons). DisposaLof 
wastes from treatment for radionuclides 

' does not'significantly increase  the  total 
.-treatment  costs for ,large .systems.b 
Several waste disposal  techniquesand 
estimates.of  associated  costs  are 
identified in'Table 11. Technologies and 
costs  related to the disposal of the 

granular  activated  carbon  that may in 
some  cases  be  used for radon removal 
have not been.detekmined by EPA.  GAC 
is not  a BAT for radon removal for 
reasons outlined in section B, part 2(c), 
above.. , I 

, , &  . L. 
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TABLE 11 .-RANGE OF ,BRINE AND SLUDGE DISPOSAL COSTS IN REMOVAL'OF  RADiONUCLlDE  COYTAMINANTS ' 
CCents/l,OOO Gallons of Water  Treated1 . .  

\ 

Treatment  process Direct 'Discharge to Chemical ' Evaporaiion 
I .  

discharge precipitation pondnand , sewer 
. .  I ,  

Brine  Disposal: I "'I . 

Ion Exchange ....................................................................... ~ ........................................................... 20-250 1 ' ,:: 1 2:; I 10-230: Reverse  osmosis .................................................... : .............................................. - ......... - .............. : t2) (4) 

30-350 

Notes: 
1 From  "Technologies  and  Costs  for  the  Treatment  and  Disposal-of  Waste  Byproducts,  from  Waier  Treatments for the  Removal of 1norgariic"~aid  Radioactive 

.I 

Continants"  (EPA.1986d).  Cost  ranges  represent  disposal costs for veylarge to  very  small  water  systems. 
. . II../ ,' 

Data  not  available. 
Non-mechanical  dewatering  alternatives  for  sludges  include sand drying  beds  and  dewatering  lagoons. 
Disposal  option  too  expensive. 

, ,  . .  ,* ". 
t ,,1 , 

I Mechanical  dewatering'  may  include  utilization of pressure  filtration. 

Liquid wastes, or brines, are 
generated  by ion exchange, reverse 
osmosis, and  activated alumina. The 
most economical disposal method for ~ 

concentrated brines is discharge to a 
sanitary  sewer,  and for reverse osmosis, 
direct discharge of the concentrated 
waste  stream to a receiving body of 
water, if these methods are:acceptable 
to applicable regulatory agencies and 
.meet Clean Water Act requirements for 
direct-and  indirect discharges to surface 
water. Underground injection may be an 
loption, subject to the requirements of ',L 

the Underground Injection Control 
Program. Other possible though  more 
,expensive alternatiies 'include ' 

,evapoI'ation pond dewatering followed 
!by land disposal, and che:mical. 
precipitation followed,by$,non- 
mechanical dryiiig and  land disposal. 
Sludge,s are  generated by;coagulation/ 
filtration: greens~nd:.filtratipn',  and'lime 
softening.  The.  most economical disposal 
method  for sludges is discharge to a -' 

santtary sewer. Again, this method may 
be restricted by state or local 
,requirements and pre-treatment 
requirements under the Clean, Water Act 
(see  ge,nerdy 40 CFR part 4031. An 
alternative option may be non- 
mechanical drying (lagoons or drying 
beds) followied 6y land  disposal. 
M,ech&ic$ methods tend io be  higher  in 
cost, thoukh techbically feasible, for all 
sledges. ;I , *  

At the present € h e  'there are no 
federal regulations which specifically 
address  the.disposal of water  treatment 
wastes containing radionuclides. 
However, the selection of waste by- 
product disposal  alternatives may be 
.determined by  federal,  state, and local 
regulatorjr constraints  and  site specific 
conditions. Regulatory constraints may 
include industrial  pretreatment 
requirements for sanitary  sewer 
discharges (including requirements 
applicable to  sewage sludge use  and 
disposal  under  section 405 of the Clean 
Water Act), requirements under the 
UndergroFd Injection Control (UIC) 
program, RCRA requirements for 
hazardous'waste  disposal  and 
protection!of groiuidwater, and effluent 
limitations ,and water-quality based 
limits for fie discharge of some 
contani-inan'ts into local receiving waters 
(groundwaters and surface  waters) 
'under the, NPDES program: Site-specific 
conditions'which influence waste 

' , management include the availability of 
sewage disposal,  location of disposal 
sites, climatic factors, cosfpf  land,  and 
other local or regional factorslincluding 
available manpower and infrastructure 
cha+cteristics. , I  

&A's report entitled "Suggesied 
Guidelines for the Disposal of Naturally 
0ccurring;Radionuclides  Generated  by 
Drinking Water  Treatment Plants," 
(=A,  1990a) outlines the Agency's 

understanding of the techkcal 'issues 
and the existing regulatory framework 
that may be relevant to systems which 
remove naturally-occurring ,radioactive 
substances from drinking,water. 
supplies. , h  this report, EPA i. 

recommends types of treatment and 
disposal options and institutional 
controls which would be pertinent for 
solid and liquid wastes, contaiNng 
radioactive contaminants,, at various 
ranges of concentration. The report also 
makes. recommendations regarding 
radiatiop,in'the  water ,treatment plant 
and protection of workers atlthe plant 
and during waste disposa1:opepations. 
EPA solicits public commention its 
waste disposal guidance, and  waste 
disposal  issues in general. 

EPA and.0ther.s have  studied the 
treatment technologies available for the 
removal of <radionuclides from drinking 
water  .and'characterized some of the 
waste residuals of treatment. These 
studies were conducted on source 
waters naturally hi& in radioactivity 
and produced data which  may be useful 
for the purpose of characterizi-e solid 
and liquid wastes from the treatment of 
drinking water  and for comparison with 
the EPA Suggested Guidelines cited 
above. Table 12 summarizes some data 
that EPA has gathered on water 
treatment wastes containing radium and 
uranium. 
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Table 13 outlines the options for adopted  criteria of 40 CFR part 257, developed for disposal of ltqu?d wastes, 
,sludge disposal suggested -in the EPA which contains RCRA groundwater or brines, which result from the , , 

guidelines. Nptwithstanding these protection criteria, and municipal solid treatment of drinking water c o a t a w g  
suggested guidelines, solid wastes  and  waste landfill regulations under 40 CFR radionuclides. These are outlined in 
liquid wastes  generated by drinking part 258. Table 14. EPA solicits public.conymnt 
water treatment plants should be Similarly, from the  same EPA,report on the waste disposal .guidance and 
disposed of in compliance with Federal, cited  above, EPA guidelines were estimated disposal costs. 
State  and  local requirements, State- 

TABLE 12i-sUMMARY OF WATER TREATMENT DATA ON WASTES CONTAlNlNG NATURAL RADIONUCLIDES 

Treatment  wastes Concentration  range References . " .  ,, I . I  

'* time softening  sludges :.? ............................................................................. (EPA,  1985d) 
Ra-226 1-22 pCi/g (dry). ............................................................................................................................................................................................................................. 
Ra-228 .................................................... 2-12 pCi/g (dry). 

Chemical  clarifidation  filter cake,  uranium ...................... 

(Schliekelman,  1976) .................................................................................... Radium--typical .................................. ; .......... : ....................................... 
6-50pCi/l. ................................... : ...................................................................................... Ra-226 ..................................... ~ .......... ............................................... :. 
57-171 p W g  (dry). .................................................................................... .- ..................................................... 

'1  10-530  pCi/l. 

.......................................................................................................................... 
Ion exchange ................................................................................................ (EPA, 19873 

. time softening  backwash ............................... ............................................ (EPA,  1985d) 

Ion exchange brinelregen, 

"Peak .... i..., ................................. 1 3,500 pCi/l. ........................................................................................................................................................................... 
Uranium .......... ................................................................. .. ................... up to  610  pCi/l.  (Schliekelman,  1976  and  EPA,  1985d) ...................................................... 

Reverse  osmosis  waste ............................................................................... 
{EPA, 1985d  and EPA  1987a) Mang.  and  iron  treatment  filter  backwash 

(Sorg et ai., 1980) ......................................................................................... 
........... .............................. .......................... ....................... +la-226 ~ .................... ~ ................................................................. 

21-106  pCi/l. .......................................................................................................................... Ra-226 ................................................................................................... 
7-38  pCi/l. ....................................... : 

................................................. . 
.. ..,Ra-228 ............................................................ ~ .................. ~ 5.7-83  pCi/l. ............................................................................................................................................. 

TABLE 13.-DISPOSAL GUIDELINES. FOR 
RADIOACTIVE SOLID WASTES RESULT- 
ING FROM DRINKING WATER TREAT- 
MENT .PROCESSES 

W&te  characteristics 

I. soli&/sludges 
containing  less  than 3 ,  
pdi/g of  radium  or 
lead-210, or less  than 
30, pCi/g uranium. 

containing 3 to 50 
pci lg of  radium  or 
lead-210, or 30 to 500, 
pCi/g uranium., , 

II. Solids/sludges 

111. Solids/sludges 
containing 50 to 2,000 
&\/g of  radium  or 
le&d-210.  or 500 to 
2,000 pci/g  of 
uraniurq. 

Disposal  option 

Sludge should  be 

in landfill. 
dewatered,  and  mixed 

Sludge'should  be 
dewatered,  and 
disposed  of  within  a 
stabilized landfill to 
isolate  and to avoid 
inappropriate  usage of 
the  site. 

Zase-by-case 
determination,  to 
include-consideration 
of  standards  for 
uranium  mill  tailings 
(40  CFR  192), NARM 
dispbsal,  and  long- 
term  institutional 
control  of  disposal 
sites! RCRA 
liazardous  waste  units 

considered.  NRC 
should  also  be 

provisions  may  apply. 

TABLE 13."DISPOSAL GUIDELINES FOR 
RADIOACTIVE SOLID. WASTES RESULT- 
ING FROM DRINKING WATER TREAT- 
MENT PROCESSES l-Continued 

Waste  characteristics 

IV. Solids/sludges 
containing  more  than 
2,000 pCi/g of natural 
radioactivity. 

I 

records of the  amount  and Fmposition of radioac- 
Note:  Water  treatment  .facilities  should  keep 

tive  wastes  they  generate,  land  "the  manner  and 
location  of  disposal. , ,  

From  EPA  Suggested  G4idelin;es  i(EPA,  199Oa). 

Disposal  option 

Shoulb  be  disposed  of in 
a  tow-level  radioactive 
waste  disposal.facility 
oberated  under  the 
,provisions of the 
jqtomic  Energy  Act,  as 
bmerided,  or at a 
'State or EPA-permitted 
'facility for NARM 
,,disposal.  Uranium 

possible.  NRC 
recovery may be 

provisions may  apply. 
Dept.  of 

:regulations  would 
'Transportation 

apply. 
/ /  I 

TABLE 14."DISPOSAL  GUIDELINES FOR 

ATED BY  WATER TREATMENT PLANTS 

I 

RADIOACTIVE LIQUID WASTES GENER- 

Disposal  option 

A. Disposal into surface 
water. 

qequirements  (Federal 
and  other) 

(1)  Federal, State  and 
local discharge  limits 
and  NPDES  permit 
requirements  apply. 

TABLE 14.-DISPOSAL GUIDELINES FOR 
RADIOACTIVE LIQUID, WASTES GENER- 
ATED BY WATER TREATMENT PLANTS l- 
'Continued 

Disposal  option 

B. Discharge  into 
sanitary  sewers  (if  Ra- 
226  is less than  400 
pCi/l,  Ra-228  less 
than 800 pCi/l, total 
uranium  less  than  1 
pCi/ls and  yearly  total 
discharge  less  than 1 
curie). 

C. Disposal of 
:radioactive  wastes 
through  injection  wells 
(under  conditions 

CFR 144 
consistent  with 40 

classifications of 
wells).  Shallow 
injection  banned. 

precipitation,  drying,  or 
other  treatment, 

D.  Evapofation, 

Requirements (Federal 
and  other) 

, - ,  

(1)  State  limits on 
discharge of 
hazardous  or 

(2) Limits on discharge 
radioactive wastes. 

of radium  and  uranium 
into  sanitary  sewers- 
per  NRC  standards  for 
discharge  by  licensees 

(3) Federal,  State,  and 
local  pretreatment 
requirements. 

(1)  Authorization of any 
injection of liquid 
wastes  under the 
Underground  Injection 
Control (UIC) program 
regulations in 40 CFR 
344.6(a)(2),  and 
144.1  2(c). 

( I  u CFR  20, part 303). 

(1)  Residual"so1ids 
should be disposed 
per ,solid waste 
regulations  and  per 

water  treatment solid 
EPA guidelines for 

waste&(EPA,  199Oa). 

*From EPA  Suggested  Guidelines  (EPA,  199Oa). 

D. Analytic Methods 
The SDWA directs EPA to set  an MCL 

for contaminants for which there are 
MCLGs, "if, in the  judgement of the 
Administrator, it is economically and 
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2s (Method  or  Page Nuhber) 4 -  , ' I Refeiei 
Contaminant I 'Methodology 
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"Prescribed,Procedures f & d i i h t  of Radioactivity in Drinking  Water,"  Ei?A.IE 

"lnt&rim  Rad!ochehipal  &fethodol&&fbr  Drinking  Water("  EP&600/4-75-008, Mwbh 1+76.'(EPA  1976) 
4-80-032,  August'  1980. (EPA,  d980) 

' Eastern  Enwronmental  SBdlatron'#facility.  Montgomery,  AL  36109,  "Radiochemibal  Procedures  Manual " EPA  520/5-6+006,  'August 1984. (EPA,  1984a)' 
4; ::Radiochemical Andlylical8erocedkr+ for  Analysis of Envi<onmental  Samples,"  1EM$L-L?N-0539-i7,  March'1979..  (EPA,  1979b) 
5: Standard,Methods  for thelpamlqatlon of  Water  and,  wastewater;' 17th edition,,  American  Public  Health  Associatjon,  Amencari'Water  Works  Association.  Water 

6, 1989  Annual  Book  of.',ASJMiS;takjd+ds, Vol. 11.02,  American  ,Society  for TeknQ and  Materials,  1916  Race $eet. Philadelphia, Pa.  .19103.  (ASTM,  1989) ' Methods  for 'Determ\,nition.pf NlRa&o@ive  Substances pin Water  and  Fluvial  Sediments,"  Book 5, 1989.  Technlques of Water-Resources  lnvestlgatlons Of the 

* Determlnatlon of" 22BRallland' * Z S f t a  (Ra-02),  Radlqlcjgical .Sdiends lnstitute ~@nte$, for  Research-New  York State' Department  of  Health,  January  1980 

.l,O "Determination of ,Raltliuinl:!228,:in.,l~rinking Water;' State  of  'Nbw  Jersey-Deparbiientibf  Environmental  Protection-Division of Environmental  Quality-Bureaa 

l*'Method,913- adon!in'!ri$kiq'  *,ater  by  liquid scititilldtion~'Environmental Monitorha and Support Laboratory, Las Vegas.  NV.'(EPA,  1991q) ' '  ' . 
l2 Appendlx D. AnalytcFl  lrest,8:,$qocgdure. ''?e Deterpinktion, of  Radon in 'Drihking Water;'  p.  22. Two  Test  Procedures  for  Radon in Drinking  Water. 

Pollution Control  Federatio'n$989;  (APHA,i,~i989) ,'*I1 

United  States  Geoiogical & v e y ,  ,Chapt&r j15. (USGS,  1989) ' 

(Revised  June  1982).  (NY  k&t&bbH,.  4,182) 

of Radiation and I n o r ~ i c ~ ~ n i l a ~ a l ~ S ~ ~ ~ s ,  August 1990. (NJ  DEQ;  1990) 

Interlaboratory Collaborati$el;Stliitlp. Ey6/690/2-87/082,. March  1987.  (EPA,  1987e) 

4.' , 
Environmental  Measuremen,p Moratory, U.S. DepaGment of',Energy  "EML  PROCFDURES  MANUAL,  27th  edition!"  (DdE,  1990) , 
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EPA believes that,,;tkie  Nanal,ytCchl for radionuclide  monitoring. Many of the analyses under  the  Interim  Drinking 
methds lis!ed in T&blfFk'&$e " ' listed analytical methods  ha,ve been Water  Regulations:(see $0 CFR part 141, 
technically and eco~omi&$h~"dvailable used for a number of years in  water subpart C) and in determining 
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for radon in water. EPA believes only 
liquid scintillation would allow accurate 
analysis of the large  number of samples 
required nation wide by these proposed 
regulations. 

, , iii. Radium. Several methods are 
' .  . .  , ' available for the specific analysis of 

radium 226 and 228 as listed in table 15. 
Most of the methods in the interim 
.regulations for  radium analyses  are 
''technique dependent and time-intensive. 
v Some of the other methods listed appear 
to be improvements ,over the'existing 
approved methods. For .example, co- 
precipitation steps  are  enployed  in 
methods foi both radium 226 and 228 to 

!::purify the sample and reduce 
interferences. 

emanation requires allowing the radium 
226 to decay td radon (to equilibrium) in 
the.water sample, bubbling radon-free 
helium gas through the water into an 
evacuated Lucas  Cell  counting climber, 
and then counting 'the'chamber. While 
this method can produce good precision 
and accuracy at relatively low radium 
226 levels, it is as noted above, tiine 
consuining and requires special ~ 

eQuipment and specially trained lab 
technicians.,,.These factors may limit its 
use on a large scale. EPA believes this 
is,  however, one of several appropriate 
mefhods for radium 226. Appropriately 
codducted gross alpha screens should 
eliminate 'the need for specific radium 
226 analyses in many 'cases. 

analyzed ding fluoromet$c,  [mass) or 
radiochemical methods, , . ,  ,os usiitg alpha 

+alysis.of;radium.226 by radon 

1, iv. Uranium. Uranium can be 

,., I 

spectrometry. The fluorometric methbd 
measures +e mass of total' Fanium 
present inthe  swple. Becauee EPA is 
proposing'an MCL,expressed inmass 
units; this is the preferred method., 

However, should the final MGL be  an 
activity standard, the results of 
fluorometric analysis' may be converted 
to an activity level uskg the conversion 
factor $3 pCi/pg. This conversion factor 
i's based ,on evaluation of the  relahve 
occurrence of the different kadidisotopes 
of urani+ +i water samples. This vtllue 
is somewhat different from urariim 
na+rally,occgrring i s  soil, which ha6 an 
estimated conversion factor of 0.68 p a /  
pg. TheIneed+  for conversion, from lmass 
to' activity following analyiis,  and  the 
potential for variability in %e 
cgnversion factor would be :a weakness 
ofkhe fluorometric method .in 
dete,mi$niiig  compliande @$ an activity 
MCL for uraniu~.,,EPAlsol~cits public 
c o d n t  en the ,gdvisabili,t$ of 
coiit?qqin&to allow use of:tl@ method to 
measwe ,wanium :aativity  Jevels. 

The radipchedical metho6 for 
&aniii;ii"involyes chemical separation of 
urd+ :tollowed bB lcountpg in an 
alpha;counter, as ,desdribed:below. 
Urahni:is  '~pecifiall~,pre~pitated 
from the s h p l e I  ,#he s+ple is then 
count&$. $Ibaddition,qra$um may be 
measurbd!ll@y alpha p ~ x t r , o $ ~ e ~ y  which 
allows [oq$e'kl$Y@pnnatiofi of 
in;$ividu&isotopes Iofl,$raaum and the 
calculafiobl,of the ,t<ta) m a i ; s q f  uranium 
preseh$h@ese' af6rementioped methods 
inaf~!b+!&$khd,ts :$el.qre &ppnsive  to 
perf&n$k~aii~ thg flQmome€&i.d wethod, 

.ri,; 1 ,$; ' ,' ' . I 
8, 8 .  

however @A believes that  the  results 
will b;e mdre reliable. 

c. Saqple ColI&tib2$, nuhdirjllg  and . t 
p$eseyati@n. ln order ,to enske that 
sam#les aMving at,laboratciries for 
anal$sis are in gciod:condition, EPA is 
proposing requirements for sample 
cdllection,, handling and presemiation, as 
described in table 16.3?or radiufii, 
uranium ana gross dpha*and,gross  beta 
analysis, sample col$e~tion should be 
pekfqmed as for fnargan$ contaminant 
moniforing as deskribed ig 3lPA's 
"Manudl for the Cgr;ificatiop of 
Laboratories Analyqing D,rinlcing Water" 
(EP& 1wob). ' ' 

For radon, because it is a volatile gas, 
special .attention to sample collection is 
requiked Either the VOC sample 
collection method, OF dne..of the methods 
described in, "Two Test ,Procedures for 
Radon in Prinking Water, 
Inferlaboratory CollaborativeStudy" 
(E$$, 1987e) shouId be.used. In addition, 
because  plastics  can  absorb radon, glass 
bottles wifh.teflon lined,caps must be 
used.,  Finally, EPA's assessment of 
labosatory performance is premised on 
anaiysis of samples no longer than 4 
days  !after collection. Laboratories 
unable to  comply with this hoIding  time 
maxQnum may have difficulty 
performing within the 'estimated 
precision and accuracy'bounds. EPA 
solicits public  comment on .the proposed 
sample collection procedures for radon 
in drinking water, including any 
available data on radon loss fr.om water 
samples during collection by different 
methods. 

* '  

, ' , ,  TABLE 1 &-S&lPIJhG 'CIAlr/DLlNG: PRESERVATION. HOLDING TIMES 
, I  

, ,  ,. "> , ,  

, , !l,ll, , , ,  1 y 
, .  ' 0, /.. 

Parameter . , , ' Pr&+atii& 1 Contained Maximum 
holding  time ,4iv 1,. i. , , . 

l 1  , , ,, , '  c : ' ~ '  . , , . , ,  ' 

Gross  alpha ... :.,.: ....... :i .......... L .... 1.; ...... .... 'Cone. HCI  or HN&4o'pH1<2* .: .... ~ ........ :" .................... ..'P or G ... ............................................................................... 6 months 
'Gross  be ta....'.... : x  .... ;,!:: ...,.!.. :> .... h . 1  ......... Conc.  HCI  or H N & h  pH,,<2 f .Z ......... : ................ : ......... P or G ................................................................................... 6  months. 
.Radium.226 .........,... ................................... Conc.  HCI  or  HN+;to pH $2& ...... ............................. . P or G .................................................................................. 6 months. 

Radium-222 .... 1.: ....... 1 ............ ............... 1, , Cool 4" C. .............. !!i ........... ,%.:L.: .... : ............................... Glass  with  Teflon-lined  septum ......................................... 4 days. 

Radioactive Cesium,;..::.: .... ! ...................... Conc.  HCI to pH <2 .............. ,.+ .................................... 2 P or  G ......................................................... ......................... 6 months. 
Radioactive  Strontium..! ............. ,ti... : ........ ,.Cone. HCI  or HNOslto pH <?.I.,? ..................................... P or G ................................................................................... 6  months.' 
Radioactive  Iodine ..... I ..... "..i ................... ~ None .................................................................................... 1 P or G ............................. : ...................... ............................... 6  months. 
Tritium ................... :d: ............. ?? ........... None .................... i ..,.......... ...... k.::..! ................... .............. Glass .................................................................................... 6 months. 
Photon'emttters..: ...... I ...... I..: ..... , ............. IIConc.  HCI  or HNOstto  pH <2. ................ : . ..................... . :P or G .................................................................. ;..A ............ 6 months. 

Radium-228! ...... 1 ...................................... Conc.  HCI or HN@to pHb$2r:: .......... i ......................... ! P or  G ............................... .................................................. 6 months. 

Uranium  natural,:.i .... :...! .... ................... Conc.  HCI  or HNQto pH' 3 2  ... L..,. ................................. 6 P or G ......... : ......................................................................... 6  months. 

/ I 1  
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be  'measured.  HdweLer,' if ithe'sample 'lhust be shipped to !a' laboratby or  storage  area, ac[kfication of the sample (in its original  container)  may be delayed for a 
(All except  :lradon222  sqrnples). It is recommended  that  the  presqwative be added to qe sample  at the time  of  collection  unless  suspended  solids  activity' is to 

period  not  to  exceed 5 days.  A'ininimum  of 16 hours  musi  elapse  betwegn  acidaication  and  analysis. 

Holding  time 1s defined  as  the  period  from,time of &hpling bvme 'o f  analysis. in all cases,  samples  should  be  analyzed  as soon after collection as  possible. 
If HCjl is :bed tb "Eicidif$.sampleS  which are to,be"aiialyzed for  ,dross  alpha  .or  gross beta activities.  the  acid salts must be conv+ed to nitrate  salts before 

"The Grocedure ,of I a  positive'  pressure  collection in~.'6O-ml glass. bottles is to be  followed.  This  procedure is described in appendix C. NlRS  Sampling 

* P = 'Plastic, tiard orNsoft G = Glass,  hard  or soft. + '  

transfer of fhe samples to 'planchets. 

IristructiinS+adon,'p. Z$ Twt 'Test  Procedures  For  Radon In Drinking  'Water,  Interlaboratory  Collaborative  Study, (EPA. ,I 978e). 

1 

, I1 I :  
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2. Cos[ o~perjormiRg~'ana1~ses. The samples analyzed'by a lab, and by other data, recently.assembled, are 
actual costs,6f@erformirig analysis may factors. Table 17 lists the approximate preliminary and may be different in 
vary widh lat(oiatory, adalyticdl costs for-analyses of drinking water practice for the following reasons: [a] 
technique selected, the total number of samples for :radionuclides. These cost For some analytes, few commercial 

, ,  ,# ' 1  



laboratories  exist,fo help define costs: 
(b) as the number of experienced 
laboratories.increases, the costs can  be 
expected to decrease: (e) analytical 
costs  are determined, to some extent, by 
the quality control efforts and quality 
assurance programs adhered  'to  by  the 
analytical laboratory; (dl \per-sample 
costs  are influenced by the number of 
samples analyzed  per unit time.  EPA 
solicits%omments on  its  cost  estimates 
from laboratories experiencedk 
'performing these analyses. I 

, ,, , 

TABLE  17."ESTIMATED .CdS,T OF 
ANKLYSES FOR RADiONUCLtDES 

mate  cost 

Radionuclides ' analysis 
in 

drinking 
water 

, t  

Radium-226 ...... ? .................... : ....................... 
Radium-228 ....... I ............................ I .............. 
Uranium  (total) ................................................ 
U  isotopic ................................... 1 ................... 
Radon-222 ............... ............ ~ ....................... 
Gross  alpha  emitters.: .................... ,r.... ........ 
Gross  beta  emihers ...................................... 
Radioactive  Cesium ...................................... 
Radioactive  Iodine ....................................... 
Radioactive  Stroptiurn .................................. 
Total, 89 and 90; ........................................... 
Tritium ............................................................. 
Gamma  emitters .._..: ..................... : ............... j t ,  

$85 
100 

1  25 
45 

50 

35 
35 

100' 
100 
105 

110 
50 

Source: (EPA, 1991 m) 
Note:  Estimated costs are on a ,per-sample  basis; 

analysis of multiple  samples  'may  have  lower  cost. 

3. Method detection limits and 
practical quantitation levels. Method 

! detecti'on limits (MDLs) an9 practical 
quantitation,levels (PQLs)~, are 'two 
performahce measures uskg by;EPA to 
estimate the limits of performance of 
analytic chemistry methods €orL 
measuring contatninants iddrinking 
water. An W'L #is the l'ow$st level of a 
contaminan;t, that  ,can Q,e heaswed by a 
specific mefhod under $deal research 
conditions. A PQL is the i ep l   a t  which a 
contaminant can be  asaertained  with 
specified mkthds on &!ro$tfne h i s ,  
(such as comhi'ance mPriitloring]  by well 
manaGed~'ldpdratories, ipqd &thin 
specified'prkjsion  and +curacy limits. 
The p~!opbsiid!PQLs for, the ' 

radibnuclides!i,are listegi&I'able 18 
b e l ~ w ~ ( E P ~ ~  4991rJ. ' z  ' ' @e constklbds  PQLsllin evaluating 
altgrnatives 'for  lthe MaL. Consideration 
of the PQL i s  'ebpedally important for 
t h s e  rkbntamfnants for: which EPA is 
prdposi*z&iLGs at~zer8ilThe ' ,  

feasibility dk;i/tr&lemerjting  aii.MCL at a 
paqticidar lev8&lis in pdri!determined by 

. ,  the: ability ffl bqalytical-methods to 
?b+rtain cant?, , i n a n t " l e ~ ~ l ~ * ~ i t h  
sbfficiknt p+alikon and acburacg at or 
 ear :t& MCLI 

, ' I  

, 8 .  E 



EPA solicits public  comment 0,h these 
issues, and will continue to collect and 
evaluate additional data to refine'and , 
better substantiate the proposed PQL 
and the constraints on regulation 
imposed by limits on analytic methods. 
EPA specifically requests comment on 
information supporting PQLs higher than 
the proposed PQL (such as 500 PC$), 
and information supporting a lower PQL 
than  that proposed, such as 200 pCi/l. 

Public  comments are requested on the 
approach used to determine the PQLs 
for radionuclide contaminants, on the 
proposed PQLs for these contaminants, 
and information is sought on,lany  new 
developments in methodology for the 
radionuclide contaminants that may be 
used to support development of these 
regulations. EPA.,alsp ,,solicits ,public 
comment on the usefulness of PQLs in 
setting standards,  and the 
appropriateness of alternative methods 
for accounting for analytic methods 
limitations ,in setting standards. 

TABLE i8."PRACT1CAL QUANTITATION 

LEVELS (PQLS)' , FOR RADIONUCLIDE 
CONTAMINANTS 

Contaminant (pCi/9 
PQL 

Radium-226 5 
Radium-228 .................. ................................ 5 
Uraniup  natural .... ...; ..................................... 5 
Radoni222 ...................................................... 300 
Gross  Alpha  emitters .................................... 15 
Grqss beta ,emitters ...................................... 30 
Radioactive:  Cesium: ,_..... ,.!.: ........ 1 .................. 

8 ,  ................................................... 

134 ............................................. : ................ 10 
1 37..!:.; , ,  , .I 10 

Radioactive  Iodine ....................... : ................ 20 
Radioqctive  Strontium: ................................. 
89 ...... 2 ................... ..................................... 5 

5 

........................................................ 

go:...:, ........................................................ i. 

Tritiu&.[:..: .. ............................................... .... 1. 1200 
I I  . . . . .  

(EpAj 1991r) 
;v 1'; 

E.'Labo$atory Approval and 
Certification 

effectiqeness of the proposed 
regu!ations depends upon  the ability of 
labo$at!o@es to reliably analyze 
conty,minants at relatively low levels. 
The existing drinking,water  laboratory 
cektificption  program  (LCP) established 
by ER4iYequires that ~ n i y  certified 
labop!pries  may analyze compliance 
sard&?. , 

Eyternal checks of performance to 
eqal%afe, a laboratory's ability to 
analjtze, samples for regulated 
co;n@niinants within ppecific  limits is 
the [,&i&bry means of judging lab 
p&f@ ance and determining whether 
to, 'gr~~,~.ert if ication.~EPA provides 
pdrkq$r&nce  evaluat4on samples to 
1ab:ratories on a regular basis; 

k.  &qkgruund. Ths'ultimate 
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comments  from systems that have 
'installed or need,to install tr'eatment  to 

. .  , .  , ' ' meet the current interim standards. 

,._ .* .  technically achievable level,  with cost 

/ ' ,  ... ..L the standards would be affordabre to 
" , i  %?,:.I.,, .,i. ,., ~ ... ,,.> large public water systems. 

. .  Key technical information used'in 
.... assessing the lowest feasible levels has 

3. Alternative MCLs. EPA has 
generally set MCLs at the lowest 

considered largely , i n  terms of whether 

. .  

..... ,,,. .. .. I.". ',? : 1 ,. 
. . .  
~~. 

been based on  engineerhig and analytic 
chemistry capabilities, ?with affordability 
determinations based on the estimated 
increase in residential water,bills, 

Engineering feasibility is assessed 
based on the treatments available as 
BAT, and the occurrence of the 
regulated cont,aminanfs. The BAT 
treatments'for these contaminants are, 
at ,maximum, Ffficiency, 5apable pf 
a'chieving 90% and greater removiils  for 
,all of the regulated contaminants; Radon 
removal'by aeration, trealment can 
exceed 99T removal.  Oqcurtedce of the 
contaminants is.reviewed @.detail in , 

.... 

. . . . . . .  

section III of this notice. The average 
radon level in the NIRS survey was 
about 800 pCi/l, with a maximum of 
26,000 pCi/l. Maximum radium 226 and 
228 levels in the NIRS survey were both 
below 20 pCi/l (occurrence at higher 
levelsmis based on a statistical projection 
of the 1'300 data points in NIRS to the 
entire country). The maximum uranium 
level in NIRS was 88 pCi/l. Based on 
treatability and occurrence, radon could 
theoretically be-treated to 100 pCi/l or 
iower'in most water supply systems, 
radium 226 and z28 could be  treated to 2 
pCi/l or lower in most water supplies, 
and uranium could be treated to 5 pCi/l , 
or lower, as described in Table 20, 

EPA identifies +e practical quantitation 
level, o$ PQJ.. This  is the .level EPA 
Ijelieves~can  be measured on a routine 
baeis in compliance monitoring, within a 
fiied  egor.rate [often '2 20%40%), as 
described in section V.E. .in, reviewing 
the, analytic c,apabilities, EPA 
$etermineq%hat I .  the radon.PQL could be 

In reyiewh@ analytic,capabilities, 

. , , '  

.established at  300 pal l ,   and that "d5:h 

radium 226, radium 228, and u r a n h .  *. : 
PQLs can tie set at 5 pCi/l. .,. 

these contaminants ranges from about 
$4 per household per year (for ,radon) to 

, $ s o  per household per yeqr for radium; 1. 

.These are'  costs to large publicwater ' ; 
systems s$ing  50,000 to'75,000, and., . :X 
-cost td residents.of small systems would !,P 

the range ;that EPA  bonAiders to be 
affordable for large public water'supply 
systems. 

Based on these considerations, &PA.. 
would consider h e  lowest feasiblg 
,,levels to which these contaminants 
could be'regulated are 300 pCill for 
lr,adon, 3 $iCi/l for radium;22qii, 5 pCi/l for 
'radium 228, and  5gCi/l for uranium 
Pdney toxicity by uraniyh is not the 
'liniiting factor her,e, 6s it is labo.li6] and : 

15,pCiJl  for adjusted gross alpha. EPA 
sblicitg  p+bbli c o v e a t  on 'these .levels 
as Ijossiblb alternafive,MCLs,for the 
radionuclides.. 

The cost of treatment for removal of : 

, be higher;  ;All of these costs are within 

I ,  . ' ,  

TABLE 20."BPiCKGROUND JNFORMATION ON RADIONUCLIDES 
, ?I,, ' 

, ,  ' ,  

Lowest Treatmeh level (pCi11) :1:1: 1 5 :  5 5 ', 300 PQL (pcill) ................. : .......... ..................... :I ................................................... ................................................... _ ........... <2' <io0 , 
15 

Trdatment  Cost  $/HHlyr.-Large  systems .......................... : .......................................... ........ ...................... ........... $4 $60 ' '$60 

~ '890K . 27M Pop expo'sedglO-+lifetime Risk (pr~regulation) .................................................................................... .i nla 1 70 ' 26 22 150 1 g'lO-etifetiqe risli:,levei  (pGiA)- ..._.......... 2.; .............................. 
$1 30 $20' 

~ IQDK ~ 
50K, . , nla 

Estimated  dfinyhg  water casedyr. jpr&regulation) .......................... :i . ........... ., I 1 ......... I I , ,  , .................................. ,,,# , ,, : .............. 195 1: 
;, 8 2.1 1.6 nla 

L , '  I .I t 18 ............... ....................................................................................... ........................... <2 " 
. 

, . ,  1<5, ;, <5 
, .  

2 ,  
............................................................................ 

., , 
d, ' , 

, ,  
, ,  

.I , 1,' 0 ,  , . / '  

Sour+ E P A ' I S ~ ~ ~  " ,  , . ,.. . ~ 8 ,  $ ; r -  , ' ,  

' , I , ' ,  
' I  TABLE 21 ."COMPARISON OF PROPQSED AND LOWEST FEASIBLE MCL OPTIONS, 

, ,  

Ra-226 

20 
5 

.2 X 10-5 
3 XIO-4 

3 
5 

0.38 
0.63 

70 
590 

$30M 
$1 20M 

$1.6M 
$5K 

$600K 
$2M 

$23M 
$75M 

20 , i i  20 pgl1 
5 l 5  
13x10-5 1x10-5 
2XTO-5 

0.2 1 0.2 

3 ~ 1 0 - ~  

- $158M 
$57M  $50M 

$4M 
$2M  $1.6M 

$2M 

$700K  $17K 
'$380K  $3.9K 

$225M $55M 
$55M $6M 

7200 
1500 

500 
40 

0.17 
0.33 0.1 9 

0.03 

0.6.  0.6 

Alpha 

15 
15 

n/a 
nla 

nla 
nla 

nla 
n/a 

130 
130 

$37M 
$37M 

n/a 
nla 

n/a 
nla 

nla 
nla 
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, , MCL. Systems, with uncoimectedswells 
would be required to conduct'iricreased 
,monitoring only at those wells' * '  ' I  

exceeding the MCL. 
Gross alpha ,measurement would be 

used  both to determine compliance with 
the adjusted gross alpha MCL and as a 
screen for radium 226 ,and uranium, 
provided the analytic requirements 
described in, section V.D are met. These 
requirementi include appropFiate 
calibration of-equipment to ,ensure that\ 
neither radium 226 or ,ura,@um are 
underestimated by the s,meen. 
Compliance 'determinations for adjusted 
gross alpha, ;radium 226 and uranium 
based on gross alpha,,measurements  are 
;listed in Figure 2. +ljusteit gross.alpha 
is defined as' +e @osd alpha , " ~ 

peasurernent'less radiulin ,226 land less 
uranium. Because the adjusted'gross 
alpha MCL  ib leh&dn'the radium 226 
:and uraniuni M<k, one or;bo{hof these 
'may need to: ;be 'specifically axtalyzed to 
determine adjusted 'gross'alplia 
compliance even@o&h,the gioss alpha 

,'' 'screen indic;ate$ @iat 'b,otli the rradium 
,226 g n d ; u r a n i u m ~ , ~ C ~ ~ h ~ v e ' ~ e e h  met 
(Le., if the gro,ssl~iYlpha~Is between 15 and 
io p~i / l ] .  

Systems w$h' gf,ossl,alpha less  than 
the radium 226 ur uranium MGLs would 
be considered ;tpkbbe in compliance with 

,, 81 I ' 

sample  per nine year' compliance cycle if 
the state determines that a system 
consistently and reliably meets  the 
MCL. Systems with unconiiected,wells 
would'be required to conduct inFreased 
monitoring only at,'tljose yells 
exceeding ;the MCG.,,, ' . 

Gross beta,iaeas&ement  Could  be 
allowed to serve as a screen for radium 
,228 levels. Systems ,+th goss beta 
1eGels less .th$n, the ragium 228 YCL 
would be conbidered'fo be . i n  ' 
chmpliance vi.ith the radiyn-228'MCI;. 
Systems 'withgr0ss"beta  levels 
emeqdipg &e radium-228 MCL would be 
required to  measure'radiumiZZ8 
specifically: I. . , 8  

'For radium-228, complianck'would be 
based on the average bf an iiiiiial 
sample exceeding the MCL and a"' 
confikmation sample  (as the.Fporfed 
values, riot the  iower'bound of $e' error 
band  associated  with'the measlirdment). 
4. Beta andphoton.emitteik Because 

of revisionb3n the estimated'-g 
water  concentrations of varidus  bkta 
and photon etnitters'!$hat correspond to 
a yearly .dose of 4 mrem ede, IEPAI is 
proposingto  'revise and  simplip $e 
monitq5ig requirements  foribeta  and 
photon emitters. TheLrevis.ed"ebtimates 
in  general  allow for less  spedzic 
monitoring and greater reliancd on the 
gross beta screen. In addition,"because 
of the special  vulnerability. 
circqstances which could result  in  the 
presence  bf'man-mad8 beta:pmitters in 
drinking wat'erd monitoring hore 
frequent than  that recjuired for other 
contaminants  under the standardized 
monitoring program ,is being prsposed. 

The cuqerit'gross  bbta,monitoring 
program requirbqall  vulnerable PWS 
and  all  systems se+ng 100,O~ or more 
persons to perform a lacreen .plus specific 
analyses for 'several, contaminants. EPA 
proposes to revise these requirements so 
,that only wi$erable systems  would  be 
required td 'perform ROSS beta 
monitocing..States would make the 
vulnqrability dktermination for each 
PWS, and would be  based o,n the 
proximity pf the watqr source ,for the 
system 'to 'facilities !sing or,,producing 
.radioactive materials. EyA,suggests that 
all system's within a 15  mil@adius of 
these facilities be corisiderfd 
vulnerable,, as Fell as systems using a 
water source8,ciearlfinfluenced by such 
a facility. Ay system?  using'water  that 
coula be influ@ced,by  releases (either 
scheduled~.o~:unschecjuled) from 
facilities s$h as nuclear power plants, 
Department df Energy nuclear facilities, 
Nuclear Regulatory ,qommission 
licensees! low o r  his? level nuclear 
waste storage or diTFjosa1 facilities, or 
other facilitiesl using pr making 
radioactive  material should be 
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nranium, have  also bgen available since methods and  with  laboratory and analyze the sample for  lead-210. 
" '  , then. Most water supply systems that perfoqmnce similar to those proposed States may require systems to collect 

!:~j$$;: I ,  ,. would be covered by; these proposed . 1: here  would,be allowed to be used to , one confirmation sample.  All regulated 
..,Ji,... :.: regulations have been monitoring for'the' ' determine compliance, '&t the discretion systems would be required to collect 

$s-ii:::;jg; , , .,e,+ ). years. Data collected in compliance with 7. Monitoring for unregulated that  adequate  data on which to assess 
..!.: 5 % .  . the interim MCL requirements &e., contaminants. As discussed above, 
I : ::,. analyses  by certified laboratories) 

. .. exposure may be obtained. EPA solicits 
- 3  ., il.2.. available data  are  inadequate to 

ii(..ri.,+ would be allowed .to be used to 
public comment on this proposed 

determine'whether lead-210 OCCUTS 
.,.:.+x :,,,<:,: determine compliance with the proposed frequently enough to,warrant public monitoring for unregulated 

contaminants. 

,;:, , 3 ;  ., i .  EPA recognizes that many water non-community, non-transient public proposed monitoring requirements 

,..I monitoring in  recent years. Data on from each well or entry point to the 

I .>.: . 
. . ., 

:.',-' regulated contaminFts for several of the State. and analyze one sample for  lead-2x0, so 

., y q <  
.-.u?<,xy,.. 

I ., .. . ,.*.,?.+.' 
?*.W .I. 

,*,A i,*.t MCLs. While no EPA-approved radon  health concern. EPA is, therefor? , . 
analytic method has 'been available, proposing 'to require all community q d  EPA solicits public comment on the 

supplies have conducted some radon water.systems to 'collect,one S'ample described above. 

radon occurrence generated using distribution system, after  any  treatment, ~ u N G  CODE 6560-50" 
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COMPLIANCE 

GROSS ALPHA 
Ra-226 >15 pci/l 

YES 
URANIUM 

- - 
Ra-226 . -. <2-0 pCi/l 

P 
t 

URANIUM 
MEASURE Ra-226 L b .  -<30 p C i / l  

-e &/OR URANIU?l 

NO t 

ADJUSTED GROSS ALPHA 
<15 pCi/l 

< 

NO YES 

t + 
COMPLIANCE 

AGA= Adjusted Gross A l p h a  
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FIGURE 3 .  GROSS BETA SCREENING OPTIONS 
ODtion 1: Higher Screening Levei 

MONITOR  QUARTERLY 

MEASURE 
GROSS BETA 

I I 

I IS BETA <50 pCi/L 

.ANALYZE TO IDENTIFY 
INDIVIDUAL BETAS: 
SUM DOSES 

YES Is ANNUAL DOSE 
FROM  BETAS 
< 4mrem/yr 

i No 
NON-COMPLIANCE 

MONITOR ANNUALLY 
I' / .  

MEAS*UW, TRITIUM 
&D Sk-90 

Is TRITIUM 
< 60,000 pCi/l 

NO 

Is Sr-90 <42 pCi/l F 
1 -7 

NO 

NON-COMPLIANCE 

~~~~ 

COMPLIANCE 1 COMPLIANCE *- 
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<4 m r e m  ede/yr .I 
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.' ~ 

NO 
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1 NON- 
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COMPLIANCE 

COMPLIANCE 
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I COMPLIANCE 14 

BILLING CODE 6560-50-C 



H. State Implementation 

that  States  may  assume primary 
implementation and enforcement 
responsibilities. Fifty-four  out of  57 
jurisdictions have applied for and 
received primaEy enforcement 
responsibility [primacy] under the Act. 
To implement the  Federal regulations for 
drinking water bontamiliants, States 
must adopt their own regulations which 
are at  least as stringent. as the Federal 
regul@ions; This section'of today's 
proposal des,cribes the regulations and 
other procedures/polcies  that  States 
must adopt  to'imolement tdday's 
prqposedqde. EPA has recently revised 
its program impleimintation 
requirements of,40 CFR pa$t  142, on 
December 20,19@b  (54 FR 521261, .and  on 
June 3,1991 [581@? 25F6). 

To tmplement lstpday'sproposed rule, 
States  ,yill,be  rppired, pu'adopt the 
foTlowing rpgulatory requirements: 
,meJi'$hey;. are 8promulgateik $ 141.25, 
Radionuclikle  Shmpli,ng! and Analytical, 
Requirements;"'~:'~~~3~~ General public 
notice requirements: $ +$I.+, Special 
monitoring:;for'ra~iunu$lides; and = 

The Safe Drinking Water Act provides 

! $ 1@.6$ MCLs ' Y m  Ra'dionuclides. 
In atdition to adopting drinking water 

regulations,no'less stringent than the 
Federal regpla$ons listed above, EPA is 
prondsing that, qta'tes .adopt certain 
requirements ij$lated,to this regulation in 
drder,,to have ;tlleir ,prp#iarn reyision 
application appI/ov$:d"bby,vFA. In various 
respects the proposix$~NPDWRs provide 
flexiljility to  the;  State  witbregard to 
impleznentatic# 'of the monitoring 
requirements 6;y thib rule. 

to Stdte,recor$kL?efiing And reporting 
requirements.8hPA's proposed changes 
are didcussed ,"d;low., EPfi  requests 
comments on these proposed 
requirements. 

1. Special primacy requirements. To 
ensure  that the State program includes 
all the elements necessary for an 
effective and enforceable program, the 
State's request for approval must 
contain the following: 

procedures and/or policies the State will 
use to conduct and/or evaluate 
vulnergbility assessments; 

will use to allow a system to decrease 
its monitoring frequency: and 

(3),A plan that  ensures  that  each 
system monitors by the end of each 
compliance period. 
2. State recordkeeping. The current 

regulations in $ 142.14 require States 
with primary enforcement responsibility 
to keep records of analytical results to 

To$ay  EPA F s   also prdposing changes 

(1) If the State issues waivers, the 

@]'The procedures/policies the State 

determine compliance, system 
inventories, sanitary surveys, State 
ap,provals, enforcement actions,  and the 
issuance of yariances  and exemptions. 
In this rule, States would be required to 
keep additional  records of the following: 
(1) Any determination of a system's 
vulnerability to contamination by  beta 
and photon emitters  due  to proximity of 
an emitting solirce; and (2) any 
determination  that a system can reduce 
monitoring far gross beta, uranium, 
radium 226 or 228 or increase monitoring 
frequency. The records must include the 
basis for the decision, and the repeat 
'monitoring frequency. 

mile radius of a  nuclear facility, or 
hospitals or other locations that use, 
store or dispose of radioactive  material 
should be  considered  vulnerable  to 
contamination, and therefore, monitored 
more closely. Systems that  are found not 
to be  vulnerable  to  contamination will 
be  listed as such. This information wily 
be available to EPA for review  in  a 
similar manner to current  records  ,kept 
by the State. 

3. State reporting. EPA currently 
requires in $141.15 that  States report to 
EPA information such as violations, 
variances and exemption status, 
enforcement actions, etc. EPA proposes 
in this notice that in addition to the 
current reporting requirements, States 
report to EPA 

(1) A list of all  systems on which the 
State conducted a vulnerability 
assessment, the dates of those 
assessments,  the  results of that 
assessment, and the basis for that 
determination; and 

(2) A  list of all  systems on which the 
State is requiring repeat monitoring for 
Gross beta particle and photon emitters, 
the results of that  assessment,  and the 
basis for that determination. 

EPA believes that the State reporting 
requirements contained in this proposal 
are  necessary  to  ensure effective 
oversight of State programs. Public 
comments on'these proposed State 
reporting requirements are  requested. 
EPA particularly requests comments on 
whether the proposed reporting 
requirements are appropriate. 

I. Variances  and Exemptions 
1. Variances. Under section 

1415(a)(l)(A) of the SDWA, a  State 
which has primary enforcement 
responsibility (i.e., primacy), or EPA as 
the primacy agent, may grant variances 
from MCLs to those public water 
systems  that  cannot comply with the 
MCLs because of characteristics of the 

available.  At the time a  variance is 

Systems that  are located within a 15 

. water  sources  that  are  reasonably 



, j. TABlE 22:"PROPOSiD 8ATd FOR 
VARIANCESUNDER SECTION 1415 

...... 

............... ..... 
... ..... ........ 

Beta  particle  and'Photon>;emitters ..... 
Key  to  BATs: 
1 =Aeration: Packed, Tower, spray,, 44 tray  and 

, ,  

other' forms. 
2Aon e$chanQe. Y.  . 
3 =Reverse osmosis. . ,  
4=Limel softening; ' except  for  systems  serving 

5=Cdagulatlon/ion;  except  for  systems  serv- 

6=M1xeb bed Eon exchange. ' ' 

Coa*atiqn/,fgtiation and lime 

5 500 conbections. 

ing <5~1tionnections. 

. . <  

softeningmfor radionuclides (i.e., 
uraniuh, radiwp-226 and radium-228) 
involve, a:greater degree of complexity 
than:is $equired for removing . 
conventional contyninants @.e., 
,turbidity removal]. These differences 
result in increased operating ;ime and 
level 'of sppertise  needed to operate 
coagulqtiun/filtfation and lime softening 
systenis; Specific differences'hclude: (a). 
Genekally  higherspH requirements for 
lime softenik removal of raaium'and 
specl$4,pW $ontroI for coa&lation of 
uranzurri;, [b] higher doses of chekcal 
coa&l$nts or lii-rid for precipitation of 
radionuclides than for conventional 
turbidity removal or ,lime softening,r 
which can complicate treatment ~ 

opedations with respect to  chemical. 
supply: and waste' by-product [sludge) 
maqagemenk and,(c) larger 
sediinentation basins  and possible two- 
stage processes (one  for turbidity 
softening and one for radionuclides 
precipitation). Consequently, 
coag@lation/filtrktion and linie softening 
treatment are considered too  complex in 
terms of operating time' and levels of 
technical and managerial expertise 
usually available at'small systems. 

of the BATs listed in Table.22 (reverse 
osmosis and ion exchange) are 'high  for 
small systems relative to costs for large 
systems, as shown by EPA e'stimates in 
tables 7 through 9. EPA 3s requesting 
comment on these technologies as BAT 
for variance purposes for small systems. 
EPA is continuing to evaluate what 
costs are reasonable for public water 
systems and in this regard, commenters 
are encouraged to provide a basis for 
their statements on what should 
constitute BAT for small systems. 

'With regard to BAT established under 
section 1415, EPA is requesting comment 
on: '(1) Whether.other technologies 
should be considered BAT under section 
1415 for radionuclides; (2) whether it is 

. ,  

Costs of installing and operating some 
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developed guidance to  assist  States in 
making URTH determinations (EPA, 
1990k), and published a draft of the 
guida,nce  for public comment. For 
carcinogens, the draft guidance , '' 
recommends that URTH be  set at the 
top of EPAs risk range that  is generally 
considered acceptable, 10-~ lifetime risk. 
Because EPA is proposing to regulate 
these contaminants at the most cost- 
'Effective level, bounded by 10-4risk,  the 
URTH values could be  ,equal to the 
'proposed MCLs, except 'for,  adjusted 
gross, alpha  and pranium. Adjusteil gross 
blpha is a screening MCL; an ~URTH 
shourd not be cohsidered to exist,pnless 
the individual contaminsnts hi the 
adjusted boss alpha sample e'xceed a 
10-4.$isk.  Uranium is being regulated 
based on its kidney toidcity; U&TH 

or uranium''b8sed on this toxic send , p "  

idance wduld need tb be kleveloped 

,point.: 1 ', , 8 , ' , (  , '  I,' 

EPA solicits public comment an this 
;approaqh totesteblishihg URTH 
guidance for radionuckdes. " ' 

YVL. Public Notic;'Requirt?ments 
' ' under section:,,pl~4[c)(l), of the Act, 
each o h e r  ,,or operator ,of a pb l i c ,  . 
water  system m$st gi+e:notice,to 
persons':serygd !yIit ,qb,,(i] ;any violation 
of,dny n/lCL,',trea~epY,.4echnique 
requirement,,,or testing'.prdiridion 
pc,escTibkd l$i;an,:$PQw;',[2] failure to 
cpmply with anyi+riitbi.iiigring, requirement 

1 ' , ;  , ,  'i.?'I;., ' " ' , '.i:,,L'i/ 

under section 1445(a) of the Act;  (3) 
existence of a variance or exemption; 
and (41 failure to  comply with, tlie 
requirements of a schedule prescribed 
pursuant to a variance or exemption. 

' ne 1986 amendments required that 
EPA amehd its current public "' 

notification regulations to provi'ae for 
different types :and frequencies of notice 
based on the differences between 
violations which,are intermittent or 
'infrequent and!yiolafions which are 
continuous or fiequerit, taking into 
accouit the skribusness of,any potential 
adverse  health'kffects which may be 
irivalved., EPA'promuIgated regulations 
to reviFe them public potifidation, 
requirements bn October 28, y987 (52 F'R 
41534). Thb revised regiilations state 
that vidiatioqs of an~MCL,'trea:tment 
technique or vdriande 'pr eFemption 
schedule [''Tier'% vielations") contain 
health effects,languagd spbcified by EPA 
wech cbiicisel$ and in non-techn$caI 
terdxs conwe$ to thd .publicthe:  adverse 
health effects that may oC%ur;as8a result 
of  tl$e ?iol@tion: States and  watbr: 
utilities re&inI'free ,#o,,ail$'addifional 
information to: &achlhotice,p,as deemed 
afqgo;opr?aate fpr.,sp'echic, situia'ti4ps. This 
p~OpOsed lrqle pqtainp sp$c"ifiq::h'ealth 
~ f p ; p f p  l+mg~+ge'kor,ihe cdnta$pants 
wlhfjh are, i ~ , . ~ o d a ~ ' ~ s , i j r o ~ ~ ~ e d  I 
~ ~ e m a ~ ~ ~ g d , , ~ ~ A l , ~ e $ b v e ~ ~ i ~ ~ a ~ l ~ t i e  
@iidat+y , b e a l t t i . i j e ~ ~ ~ ~ s a ; a ~ ~ ~ ~ ~  is the 
q f l s t  approbki@e, way ic&nfiji.bl the 

I .  .- . 88 , ! . ,  ; , ' , I .  

affected public of  @e health 
im$cations of pidating a partiuular 
EPA standard. The proposed mandatory '; 

health effects l a w a g e  5n 8 141.32(e) 
desciibes in non-technical terms the . ,  

health effects associated  with  the 
proposed contaminants. Public cmqinent. '2' 
is reqqsted on the prfiposed language. f 

VII. Economic Impacts and Benefits 

Executive Order'l2i91 requires EPA 
and other regulatory Agencies to 
perform a Regulatory Impact Analysis 
(RIA) for all "major" regulations. Major 
regulations are  those which impose a 
cost of  $100 million or more on the 
national economy, orbmeet other criteria. I 

EPA has determined that  this proposed '. 
rule would be a major rule under the 
Executive Order, andfias accordingly 
prepared an RIA wh,ich. assesses the , 

eosts  and benefits of the  proposed' . 
regulations (EPA, 1991i]l This regulation 
has also been reviewed by the 'Office  of 
Management aad Bqdget and their 
comments are available in the public 
docket. 

Table 23 presents a sjmmary of the 
results ,of ,the RIA. Approximately 28,000 
public water  systems,,wduld  be required 
to install treatment oi' take other actions 
to comply with the prpposed MCLs for 
tliese radionuclides. Total national  costs 
would be approximately $310 million per 
year. 

L 

,IbN"Ls &e ,exDressed in  oCi/L unless  otherwise  noted. 
'(a)  Adjusted  grosS~,alpha. 

- 
Ra- 
226 - 

20 
70 

190 

30 
20 

3 
0.003 

NA 
NA 

630 
150 
90 
60 
- 

Ra-228 

40 
20 

40 
3 
6 

0.2 
0.89 

NA 
NA 

150 
650 

90 
60 

Uranium 

1';500 

350 

60 
30 

0.003 
0.2 

NA 
NA 

580 
180 
80 
40 

20(c) 

AGA (a) 

15 
130 

230 
, 20 
40 

0.64 

NA 
NA 

770 
340 
200 
140 

(e) 

e:$& Total 

4(d) 
0 28,000 

0 2,400 
0 

84 0 
310 0 
150 

0.25 7 

NA 
10-19 NA 
15-28 

0 
0 
0 
0 '  

(cjilMCL for: uranium i s  expiessed in ug/L. 
(d)', MCL 'for beta bmitters, is exptessed  in  mrems edelyear. 
Je)$hnti~e{//p~ ;cas$s:lavoikled per year is in the  range of 0.2lto 1.4. The low end of the  range  is  based  on  the  risk  factor  associated with thorium-232;  the  high  end 

Q :3os's;lalpha is used  as a screen for radium-226 and uranium. 
N o h  TG$al!;m%y noi,$dd'due to  rounding. 

is based on ;polp?lum-Zl? rid.' Actual occupnce is likely  to be characterized by a mix of several isotopes. 

~ ) I I  , 1 , I  
1 , ' I  ' '. 

! i  

;, , ! '  , ,  
1 b ,  II I / I [ / /  

+4 largcj propo,rtrpp of,,the'  water system sizes that would be covered by large systems have. In the smallest of 
systeds  affqct&$ ,th%s regulation the pr!oposed regulations, with smaller these systems (25 to 100 people], annual 
would,,be, small s$s$em$ 'serving fewer systems.having higher costs, because residential water bills could increase by 
than8500 people. Gqpts to households these systems do not benefit from  the $700 to $800 for treatment of radium or 
vary  consi~erclb1~'ovedjthe range of engineering economies of scale that uranium. EPA recognizes that these 

. ,  I #  1 
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U.S. Geological Survey (USGS). Methods for 
Determination of Radioactive  Substances 
in~Water  and Eluvial Sediments,.Book 5, 
Chapter 'A5, in Techniques of Water- 
Resources  Investigations of the USGS. 
(1989) [USGS, 19891 . ' ,  

Effect of Atomic Radiation '(UNBCEAR]. 
Ionizing Radiation: Soukces Fnd 
Biological Effects. Report to the General 
Assembly. New York (19821,  [UNSCEAR, 

United Nation's Scientitific 6o&itte& on  ,the 
Effect of  Ator$c Radiation (UNSGEAR]. 
Sources, Effects and Risks of Ionizing 

Assemtjly, New York,:W38), [UNSCEAR, 
,Radiation. Report to the General 

'19881 

Determining WaFerborne Radbn. Health 
Physics, vol so, No. 6 pp, 817+29 ( J k e  
'1991). v i tz ,  19911 

Wikipson, G. qastric.Cancer L Ne*,M$xico 
'counties with significant deposits 'oi 
dafiium. Arch. Environ? Health. .[':99 
4087,  'Pilkinson, 1!3885] ~ 8 J  , , 

Wrenn, M.E.;et,al. MetabolismloE,Iiigest<d 'U 
.and Ra. Healtli€?hysics.'Vol. 46, Nd!f5 
(1985). lwreqn et al., 19851. ,, 

Appendix  A-Fundamentals of 
Radioactivity in D&g'Water ' I  

United  Nations Scientific Committee on the 

. 19821 , '  

Vitz,,E. Toward a Standard Method foi. ! 

,. . 
I . ,  , 

To assist commenters, the fqliowing. section 
provides a summary of concepts and 
definitionstinvolving radioactivity. The 
definitions include thlse in  theIriterim 
Regulations along with  several additions,  one 
of which,is being considered ii.e:, cusie)' to be 
adcled Zd 40 CFR  141.2. ' 

Definitions 

the  absorbed dose from ionizing'radiation 
and  such ,factors which account  for 
differences.in,biological effectiveness due to 
the 'type of radiationand its ldislribution in 
the body as,specified  by the International 
ComNSsion  dn Radiological Units and 
Measmkments (ICRU). ' " 

from ionizingradiation to thU'tota1 body or 
any infernal  otgan or orgad :!?stem. It is 
eqdal tii tlie abso'rbed  dose  ih rads multiplied 
by a'quk1;ity factdr (to accouh!.for different 
radiation typep).'A rem ede 8(@ffective' dose 
equivalent) is.18 dose to  orgais hdjusted for 
different radi4tibn types'aridvb I y an organ 
weighking.fac$dto account f!r 'organ 
sen;siti+ity to t&.!+edt of r#a!tion. A 
~~m~11i~dm9* ($:+) ' is ?/l,@.j&f'a rem. ~ 

er$lN,to a nuclear  Cansfotm4tion rate  of 
3.7% l '~Podis i~~e~rat ions/sec~~nd.  One 
piciicdrie is e~dhal f o ' ~ o " ~ c ~ j e p ,  whiFh is 
appro~i~atbl~,21!~is i i i teg~~8o'hs per minute. 

if;il;os~ a ~ h * ~ a = ~ j ~ Z ~ , ~ ~ ~ ~ ~ j ~ n  ac!jvjty 
meansthe tot# &lpliapariibie  radioactivity 
measiirgd in an aliquot of an evaporated 
water sample. 

(e) Man-rno;de beta particle andphoton 
emitters meads  all  radionuclides emitting 

(a) Dose equivalent means the  product of 

@) R&m means  the  unit of dose  equivalent 

(cf ,* m+a+ a specikl'+lt ,df activity 



I .. ',>. .. 

......... 

beta  particles and/or photons  that  have  been 
produced artificially and  do not  exist 

.,naturally. 
( f l  Gross beta particle activity means the 

total  radioactivity  due to beta particle 
emissions measured in a aliquot of a 
evaporated water sample. I 

(g) Becquerel (Bq) is  a,special unit of, 
radioactivity in the  international  system of 
units (SI). One Becquerel is equal to one 
disintegration per second. ' 

,(h] Sievert (Sv) means  the unit of ,dose 
equivalent in the iiiternational system of 
units (SI) from ionizing radiation  to the total 
body or any +ternal organ or organ system. 
One Sievert equals 100 rem. 

pf the products of the dose eqiiivalents in 
individud organs and the organ weighing 
factor. 

(j) Organ wejghtingfactor means the ratio 
uf the  stochastic  risk for that organ to.& 
total risk when the,whole body is irradiated 

fk) NaMraI uranium means uranium with 
combined ~anium-23+,,plus uranium435 plus 
uranium-298 which hap a varyirig isotopic 
composition but typically is"o.oOfi% yranium- 
'234,0.7% urariium-235,  and"99.2?% uranium- 
238. 

transformations ,of a radioactive. substance 
which, occur in a specific time interval. ~ 

(i) Effective dose equivalent.means the sum 

uniformly. 8 8  

(1) Activity means the nuclear 
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' ~ Shorthand: ": 
exponew 

,tis! Description 
notation 

. .  
Greek, prefix & abbreviation  Value 

. .  
. . .  

mill-m ................................... : ............................................................................................................ 1 /I , 000 1, 0-3 One part  per 

micro-Greek m ........................................................ ....................................................................... I 1 / 1,000. 000 10-6 One  part p e r  million . ll 

nano-n ............................................................. : .................................................................. -: ........... 1,1,000,000. 000 10-8 One part per  billion . 
pico-p I r.l .......................... : ........................... . 1 I ,  1/1.000,000,000. 000 ..... ......................................................... ....................... 10-12 
femtc-f .................................................................... : ............ A .............................................. ...... .... 1/1.000,000,000.000,000 10" 
atto-a .................................. 4 ........ M. . .... ~ .................................... . 1/1 ,ooo.ooo.ooo,ooo.ooo. 000 10-18 

_ I  

... 
. ,  ~ ' thousand . 

. . . . .  

. .  ................................................. . .  . . .  I . .  , . .  . ... I , . 
.. ' . . .  .. ' 

%us i 'picocke is 8 mHlionth maiqyth bf 
a curie and is abbreviated 1 pCi . Also 1 
millirad [I mad) is one thousandth of a rad . 

Because  of the  particle  mas3 and charge. 1 
rad deposited in tissue by alpha'particles 
creates a. more poncentrated  biological 
damage tlian'l rad of gamma rays.'To 
compensate for this difference in ddmage and 
subsequent.  effect, a'new wi t  was create& 
* e  rem . Thisis called the dose.  equivalent . 
The absorbed dose is measured inrags and 
the dose  e~quivalent is measured in rems . 
The rail ana rem are . related by a.quality 

ftictor as. <follows. . .  
Number  of rems=Q times.thepnbpr of rads 

Where Q is @e quality factor which has 
been  assigned h e  following  va"lue:L 
Q=1 for %eta particles and  all 

.. r 

electromagnetic radiations (gamma rays 

Q=lO.foflqe+t$nis from'spontaneous.fission 

Q=ZO forIa1;ha particles andfissio; 

. . . . .  and %rays3 . . . . . .  ' . . I  

and. for protons 

fragments 
n e  quality  fadtdr is meant to 

apprbxihately account  for the relative harm 
caused:by yirrious types of radiation . The 
Integat?oDal System (SI) 'wit corresponding 
to  the  rem is'the Sievert  (Sv) . One  Sievert 
equals 100 rem . 
j '  3 ;&GNDlX B-BETA PARTICLE AND ' 

't? < ! 

. . 6 1  ,, . . I )  

IPHOTO~ EMII-~ERS 

. . .  Nuclide ' ' I Ch (pCi/liter) 

H-3 ................................... ..................... 
BE-7 ...................................................... 

6.09E+04 
4.35Etq4 

N-13 ....................................................... 1.52E+05 
G I  1 ....................................................... 

6.69E+06 C-15 .................................. 1 ........ : .......... 3.20E+03 C-14 ............. ? ................. ...................... 9.92E+d4 

F-18 ...................................................... 3.95E+04 

NA-24 ~3.35E+03 
NA-22 ,.h , 4.66E+02 

SI-31 ..................................................... l.O2E+O4 
P-32 6.41E+U2 
P-33 ..................................................... 1.87E+03 

CL-36 ................................................. .: .. 1.85Et03 
CL-38 .................................... ! ............... 2.12E+04 
K-42 ...................................................... ~ 3:90E+03 

. s i  

0-15 ...................................................... 4.95E+05 
. .  ............................................ .... 

................................................... 
, .. ...................................................... 

S-35 ....................................................... 1.29E+04 . .  

CA-45 .................................................... 

7.66E+02 SC-48 ........................................ J ........... 
2.44Ef03 SC47 ......................................... .; ......... 

' 8.46E+02 CA-47 ...................... : ............... .'...... ?:: .... 1.73E+03 

3.80E+04 CR-51 ................................................... 

SC-46 ............................ :: .- ....L-. : ......... 18.63E+02 

'4-48 .... : ................. : ............................... 6.44E+02 

MN-52 .................................................... 
5.64E403 MN-56 ......................................... : ......... 
2.01E+03 MN-54 ............................ 1: ..................... 
7.33E+02 

FE-55 .................................................... 9.25Ef03 

II 1. .. , * -  . .  
. . .  . . .  

' ' ' .&PENDIX . B-BETA PART~CLE AND 
' . .  

PHOTON EMIiTERS"ContinUed 

' " Nuclide Ch @Ci/liter) 
. .  

RH-ldd ............................................... 1 . 

3.66E+04  PD-107 ............................ ................... ~ 

1.34E104  PD-101 ................................................ 
1.24E+06 

Pb-109 . l: ............. ................................. . 2.12E-FO3 
A.-l?5, ............................................... 2.70E+03 
AG-108 ! ................................................. 6.26E405 
AG-108P ............................................. 7:23E/02 
AG-1O9M .............................................. ". 1'.67E$.07 
AG-1 ldi ................. .............................. 1.84Ei-96 
AG-1 1bM.l: ......................................... 5.12Ef02 
AG-lflI! ... _ ......................... 1: ................. 1.08E+03 
.CD-109.t .............................................. 2.27E+02 
CD-I 1s ................................................. 

9.76E,+05. lN-I14.? ................................................. 
5.24E404 IN-1113M ................................................ 
3:39E3/02 CD-115, M ........................................... 1 .. 9.58E+02 

lN-114M ................................................ . . .  3.'23E+02 
lN-3).5 .............. ..................................... 3.51E+,01 
IN-I15 ................................................. 1.64E4-04 
SN-113: . .................... .......................... 1.74E403 
SN-121,. ................................................ : 6.06Ef-03 
S N y l ~ l ,  /id .............................................. 2.26E , 03 
SN-125 ................................................. 4.46EtO2 
SN-ik6 ........................... ..................... 2.93EY02 
S6-1'&, .............................................. .. 8.10E+02 
SB-124;; ...................... ......................... 5.WE+02 

'SB-126 ............. ! .................................... 5.44Ek02 
SB-J2&l ............................................. : 5.85E#,04 

&-1b .................................................. 3.09Ei-03 
TE-125M ............................................... lA9EkO3 
TE-12t .................................................. 7:92E$03 
TE-127M ......... ................................... ... 6!69E+02 
TE-129; ................................................. 2.72E3-04 
TE-iB9. M .. ............................................. $.24E+02 
TE-i'PJ: .. ............................................ 2.68E+04 
TE-13'IM ............................................... 9.ZlE4-02 
S;E-j32 .................................................. 5. 80E+02 

11123 ...................................................... 1,.07E+04 

PD-100 ................................................. 
6.94€+03 PD-103; .......-....... ..................... ..- .... .1 . 
lSOE+03 

- I  

SB-125; ................................................. 1.94E+03 

s&;12qF ................................................. 8.18E+02 

, il. 

1-122 .. ?. .................................................. 
1.51E+02 . 11125 ...................................................... 
a j lE /05  

$126 ...................................................... 
2.10E+01 1-12 ....................................................... 
8.lbE+01 

It130 ................................ ...................... 

'5.49E-t-02 1-135 ...................................................... 
: &1'9E+O3 li13$ ..................................................... 

1.08E+02 1-131 ...................................................... 1.19E+03 

1-135 2.34E+03 
1-194 : 2.li4Ef04 

&-;s-i83i ................................................. 2.28~+04 
CS-134 .......... ........................................ 8.13E+91 
CS-134M .............................................. l.OlEi05 
CS-135 ........ : ........................................ 7.94E+02 
CS-136 . .......................... : .................... 5.1:8E+02 
cs-I, 37 ................................................. l.ls:9E+02 
OS438 ................................................. 

2.62E+03 BA-133M .............................................. 
'l.Y2E+O3 EA-I33 ................................................. 
2.95E+03 BA-!31 ................................................. 
2.56€+04 

2.15E+06 BA-137M .............................................. 

......... ........................................... 

...................................................... 
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APPENDIX B+@&A PARTICLE AND 
PHOTON EdIdERsiContinued 

II , : . I , ' '  I, " . , ,,, , 

. . . . . . . . . . .  . ,  . ._ . . .  .................... . .  , ............. L...lC.Li.( .> .......... I 

APPE~DIX, @-BETA PARTICLE AND, 
PHOTON EMITTERS-Continued 

Nuclide 1 Ch  (pCi/liter) 

RA-225 ................................................. 9.14E+00 
RA-228 ................................................. 7.85E+00 
AC-227 .................................................. 1.27E+pO 
AC-228 ............................. .. .................. 3.27EkP3 ,, 

.............................. . .  

TH-231 .................................. 2 ..... .......... 4;OJ,E+03 
, ,O.# , , , .  

vTH-234 .................................... I.: ............ 4.0lE;C.02 
PA-233 ...................... 4{9j~E+03. 
'PA-234 .................................................. 2:56€+03 
PA-234M ........................... ................. !%!3dE!$5 
U-237 .................................................... 1.70E+03 
U-;f40 .................................................... ,, S$E+03 

NP-238 .............................. ': .................. \ jB9g+03 

8P-240 '2!3'1,E+@4 

, , , , ,  

NP"236 .......... ...................................... ... ' 5;9$Ef03 .. 

................................................. NP-239  1.68E+03 

................................................. 
.NP-240M .............................................. ; 1.74,E+05 
PU-241  6.26E+01. ................................................. 
~PU-243 : ', 1,:6&'Ei04 
"AM-242M, . ............................................. l . !2k$CiO 

.... ............................................ 

r Cd=hncentration  in  water  for 4 m:)$$,iede/y, 
.assuming 2 liters  daily  intake. 1~1igtr lI (ei 

, , I , /  

S;M-~&~L  ................. 1,06E+02 . .  
&-2lO ..................... 1.94€+03 
Bl-21J .................... 2;05E+05 
Pb2fO L..,... < ............ 1.40E+01 

:PG,2$3! 8.03E+ I 2  
qQ-fj;Z..~Ii 1.15E+14 

q'C)-&$i4 .... : .............. 2.43E+11' . 
Pb21,5 ................... 9.17E+09 
P%$$ .................. 7.38E407 

i!$-$i],?: : 5.74E+08 
PW27'81 9.50E+04 

............ 
.................. 

.................. 

...... ........... 
$&!f.:..i .......... L.. 4.50Et-04 
R&+#2$;.... .............. 3.21E+01 
R%42$+ ... 2 .............. 5.46E+Ol 

1185E+02 
2.07E+01 

................... 6.62E+02 

.................. 
................... 

.............. 
.................. 
.................. 
............. .._.: 1.02E+01 . 

.................. 2.56Ef-01 
.................... 
.................... 
............... 
................. 

Pl$"q9.! ................. 6.49E+01 
?y;240.! ................. 6.49E+U1 . 
Ph4542 ................... 6.83E+01 

ff2p i : 6.45E+00 
, I :de2 i 

................. 8.66E+03 
Ajllh$!.. ............... 6.49E+00 
dhj#$'! ................. 1.45E+02 
(3M4$31 ................. 8.47E+00 
Gp@%.: ................ l.OOE+OI 

................. 6.38E+00 

................ 1.71E+00 
6.93E+00 

................. 1.70E+01 

................ Pl!J-2p?- 7.02E+00 
....... ......... 

qM+ZW5! ................. 6.35E+00 . 

................. 

142 

Chemicals, Reporting and record 
keeping cequirements, Water supply, 
Administrative practice and procedure. 

Dated: June 17,1991. 
William K.'Reilly, " " '  

Administrator',Envir~n~entolProtection 
Agency, I .  ! 

Foi! the reasons set forth inthe! 
preamble, title 40 of the Code' of Federal 
Ej9,guIations is proposed to be  aqended 
aefotlows: ll'!', , " , 

P~RT!j41-kATlON~L PRIMARY 
DRINI<ING WATER REGUIJTIONS 

cqUi$es , 8  to:read as foll@vs:, : , ~ /:il, 

3t(lgT3:300g-4, 300g-8,:,3@3gX,1300j+ii8and 
300j-91,' I ' :, ; ", 8, :;'I ' I  ,,,', ' {;,I 

' 8  ' q , , ,  ; , ' , , '  I, 

in alph'hbetical order,l d~definitio~ for 

§'141.2  Definitions iii(m', 13\ll,!,m , J I ; ; i ;  
~ 4,1$ ,, 1 '  , , 

* * * ' j 1 1  ' w  1,iI ,I :: 

Ahustedgross a'ph? Adjksted gross 
alpha,  is  defiaed 'as thel!resQlt ,af el gross 
alpha measuremenk, ldss r&m-226 and 
less uranium. Rid+ imot'dnclu(lbd in 
adjusted gross alpha. ' l d d  

8 8 8  ~ 

, 

'I , 

l ' ,  , , 8  ' I , ,  

; 'E;,! j ,  'I 

t , J%e autForiiy citqtion~,fGr part 141 

.&.uthority: 42 'U.S.C. 360f,' 3wg-1, ,9&g-z, 
1 , .  , ,  , , 

, 1 ' ,  

2: Section 141.2 is 'aqhn4ed by'gdding, 

I1 agjhl'sped I , gross alphqv!i8ak  fullowsy 
, 1; "I / , I ,  1 

~ / I , l 4  I 

* * *  r, i' 3 " '  , ' Ill 1 ' , 

E 1 , , 'I.,i , , : 
"3. Section 341.15 is :ape@@d, by I .  

revising the ,i+trqductoty t$&t tb rFad as 

8 141.15  Maximum  contaminant  levels  for 
radium-226,  radium-228,  ,and gross ,alpha 
particle radioactivity in commupity!water 
systems. 

The following are the maximum 
contaminant levels for radium-226, 
radium-228, and gross alpha particle 
radioactivity, which shalLremain 
effective until [insert date  18.months 
after publication of thelfinal rule'in the 
Federal Register]: 

follows: ,!d ' ' I  11 I ' ' ' , ,  

, I  

* * * * *  

4. Section 141.16 is proposed to 'be 
amended by adding introductory text to 
read as follows: 

5 141.16  Maximum  contaminant  levels  for 
beta  particle  and  photon  radioactivitk  from 
man-made  radionuclides  in  community 
water  systems. 

The €ollowi& maximum contaminant 
levels shall remain effective until [insert 
date 18 months after publication af the 
Final rule in the Federal Register]; 
* ' *  * * * ,  > 
. ,. 

51 Section 141.25 is amended  by^ 
levising the section to read as follows: 



9 141.25 Sampling'andanalytical  methods 
for radionuclldes. 

The current  analytical methods 
outlined in J 141.25 and ,,the mbnitoring 
requirements in J 141.26 shall remain 
effective until [insert date 18 months 
after promulgation of the final rule]. 
After that  date, the monitoring and 
analytical methods specified below will 
be .effective.  Commwiity watersystems . 
.and non-transient, bon-community 
water systems shall* conduct monitoring 
'to determine compIiance with the 
maximum contaminant  levels specified 
in .p 141.64 in  accordance  with this 
section. 

, I  

: ' ,  , ,  

- " (a] Monitoring shall  be conductgd as 

water source; a$d" 
{ii) Previousb ynalytical results. 
(4) A condhio;n of the  waiver shall 

require that a system take a minimum of 







........ 

,. . 
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a Holding  time  is  defined  as  the  period  from  time of sampling  to  time of analysis. In all cases,  samples  should  be  anal*ekl  as  soon  after  collection as  possible. 
If HCI is used to acidify  samples  which  are to be analyzed  for  gross  alpha  or  gross  beta  activities, the &id salb rhu i  be  converted to nitrate salts before 

~' The procedure of a positive "Jressura collection in 60-4 glass bOmes is tq bo followed. This procedure is described io appendix C, NIRF Sampling 

;, , 'i., i,, ~ 'i,': ''I$ " ' 1  'b" lllll 

transfer of the  samples to  planchets. 

Instnrctions;Radon,  p.  26, Two Test  Procedures  ForSRadon In Urinkfng,  Water,  intprlaboratory'  Collaborative  Study,  EPA/600/2;8711082,  ,March  1987. 
, ,  , I .._ , , I , ,  , 

I. 

~ bntamiqant.""'" ' hweptance  Limits 1 
. ,  

...... 
........... 

..... 

elapsed !me from sample  collection to analyss. 
* Radon .acceptance  limits bped on 4 day 

6. Section ,3141.32 is amended by 
adding paragraphs, (e)(77J through [82), 
to read ,as,fdllpws: , 

141.32 Public notification. 

[e] * * * 
(77j Badon: The United States 

. I  * *. ' k '  * * 

Environmental Protection Agency (EPA] 
sets drinking water  standards and has 
determined. that  radon is of health 
concern at yertain levels of exposure. 
Radon is a: naturally occurring 
radioactive  contaminant  that occurs in 
ground water. It is a  gas, and is  released 
from water into household air during 
water  use. Radon has  been found in 
epidemiology studies to cause lung 
cancer in huinans at high exposure 
levels; at  lower exposure levels the risk 
of lung cancer  is reduced. EPA has  set 
the drinking water  standard for radon  in 
public water supplies at 1300 picocuries 
per liter [pCi/l) to protect against lung 
cancer risk. Drinking water  that  meets 
the EPA standard i s  associated  with 
little ,of this risk and  is considered safe 
for radon. 
(78) 8adiUm 2.6; The United States 

Environmental Ptotection Agency  (EPA) 
sets drinking water  standards  and  has 



. . . .  ". ......... "_ 

. . .  

33126 . ' Federal Register, / Vol. 56, "Noi'l38 / Thursday, .i. a: July 18, 1991, / Proposed  Rules. 

,, # I / ,  , 
, I  I 

+&Aminant  MCLG 

Radon  222 .......... ?.., .......................................... Zero. 
Radium-226 ...................................................... Zero. 
Radium-228 ...................................... .......-....... Zero. 

Gross  alpha  erfiittFrs Zero. 
Uranium ............................................................. Zero. 

Beta and photon  emitters ........................ ;: ..... Zero. . 

I., 

........................................ 
, ,  

8 ,  ' 

, ,  

9. A new sedtion 141.64 is  added to 
subpart G to read  as 'follows: 

$141.64  Maximum  contaminant  levels  for 
radionuclides. 

contaminant levels for Radionuclides 
apply  to community and non-transient, 
non-community water  systems. The 
effective datb for these MCLs is {insert 
date  18 months after publication of the 
final rule in the Federal Register]. 

(a)  The following maximum 

. .  
Contaminant MCL 

I 

.............................. 
.(2) Radium-226 : 20 pCi/l. 
(I)'.Radon-222 300  pCi/l. 

(3)  Radium-228 ................. : ......... 20 pCi/l. 

45) Adjusted  gross.#alpha..,. 15 pa/!. 
(4)  Uranium 20 pg/I lb 

(6) Beta  particle  an8  photon .4 mrem  ede/yr.2 

..... ..................... 
................................. 

........ 
emitters. 

30 pcill, using dn activity-to-mass conversion of 1:3 
1 NOTE: 20 ugll :braniBm is appr&mateV  equal to 

pCi/ug..  The  bactivity-to-mass  ,ratio 'an. vay depend- 

and +!38'9hat ate present in a  sample.  The  MCL 
ing 'on. the 'relative  amounts of uran~um-234,  -235 

applies to .the,  total  mass of uraqium m,the sample. 

committed,  oker  a  period 'of 50 years  to  reference 
.2 NOTE: 'The unit  'mrem  ,ede/yr  refers,';to the dose 

of 2 liters'bf itlnnking  water  per day. 
man  (ICRP $975) from  an  annual  intqke  at  the rate 

[b) ?.%e Administrator, pursuant,to 
sectioa i412'bf tlie,Act,  -hereby-identifies 
as iridicated in: the'  fable  below  the best 
tec%solo#y, tteament technique, or 
othe~~~~ans:ava~lable 'f6r achieving 
com#a,nce with tlie"m&&nurn 
c&itaniinanf  1eiiel;for  $!aionuclides 
ideritified, inl'paragraph,[a).of this 
sectibn:' L .  I 

I ,  k ' ,  ' 

,BAT , , ,  FOR'RADIONUCLIDES LISTED IN 
SECTION ,141.64 ' 

Contaminanl 11. BAT 

Radon,222 

lon'.exchange,  Relverse  osmosis,  Radium 226 ...... !. 
Aeration:  Packed'iower,  spray,  slat 

Ion exchange, .43ever.se osmosis,  Radium 228 ...,.. !. 
'. Lime  softening.: .; 

Uranium (N) ion ,exchange,  revhrse osmosis, 
&+ofteriing.'. , ,  

Lime  softening,  coagulation/fiI- 

" I  .......... 
i ,  t&zy ahd other forms. 

........ 
, .  

' 'tration. 
Alpha  particle 

'-  ' osmdsis. ' , " ! and  photon ' I  

emitters. 

bixed hed 'ion  exchange,  Reverse Beta  particle , 

emitters. 
Reverse osmosis. I ; 

' 8  

PAR*  142-NATIONAL PRIMARY 
DRINKING WATER REGULATIONS 
IMPLEMENTAT~ONS 

' I. The  authority'citation for part 142 
continues to read as follows: ) I  

300g-3,300g-4,300g-5,~00g-6,3M)j4,,and 
3OOj-9. ' I ,  

2. SectioG 142.14 4 s  amended by 
adding paragraphs (d)(lz)  and [d][13]. 

0 142.14 Re~cords'kept by States. 
* * '  * ' *  * 

Authority: 42 U.S.C.,3OOg,  3OOg-1,  3OOg-2, 

(d) * * * 
(12) Records of any determination of a 

system's  vulnerability to contamination 
from photon and  beta emitters due to 
their proximity to  an emitting source or 
use of source water influenced by a 
source of radiation.  The  records  shall 
also include the basis for such I 

determination. 

(13) Records of all current monitoring 
requirements and the most recent 
monitoring frequency decision 
pertaining to each contaminant, 
includingthe monitoring results and 
other data supporting the decision, the 
State's findings based on the supporting 
data  and  any additional  bases forsuch 
decision; records ghall be  kept  in 
perpetuity or'until a more recent 
monitoring frequency deci'sion has been 
issued. 

, I  

* * * y r *  ~I 

3. In § 14235 ,is amended by adding a 
new  p8ragraph,fc)@?tooread as fOllQWS: 

9 142.15 ' Reports  by States:;% :,; 

* * * * *  *' i 

1 ,  , . . ,  ,, , ! , . , I ,  . 
' 8 : , / 8  

(h) * * * 
(5) The results of monitoqing for the 

unregulated~coritaminkntsih4$ p41.44 
shall be reported within ofie quarter 
after the December 1996 completioh date 
for monitofing lead-220. , r  

, ,  

* * ,, f ' " *  ' * '  . 

4 .Section 142,16 'is amended by 
adding a new paragraph (9 tb read as 

$ 142.16 Special primacy  requirements. 

foll0,ws: ,_ I _  

.* '* * .*  * 

' . (Q Xn applicition for approval of a 
State !program revision for 
Radionuclides wbkh adopts the 
requiremeqts specified in !§ 141.25, 
141.32,  141i44, and 141.64 must contain 
the, followiFg'(i4 &adition tq the general 
primacy r e ~ u i r e m ~ n t s e n ~ e r a t e d  
elsewhere iin t he  part, ineluding the 
reqp+eme$ thdt state regulations be at 
least'& Tstiingedt is the  federal 
requiremefits):, 

~ ; :>~ .", ~ 

. I  , 

(?),If a State,chooses ltb issue waivers 
th8 mioniforing r+irements in 

§'141:25 $nd T41.44,' the,.State shall 
describe +e,.prbcedures '@d criteria 
which it will use to redew waiver 
applicatidhs issub +&+er 
determiri6tions; , 

1 (i] The pkocedures for:dalch 
co$taminbbt of:class pf c!n$aminants 
slia1l"inclhde &escription ;of: 
' '(A] The hvaiyr applieatiilon ' ' 

requirem+ts; ;,' ' Il :, 

" ,[3) "Tlie Statbreview ,prpFess for 
revieWing!gaiver ap$cWns; 

@))Them Statbidecision driteria, 
,including, the fdctors fhpt wi)l  be 
considere!  iri:@ciding  ito,grarit or deny 
waivk-rs. The @cisio?&feria must 
indude the  facfors spe4ified'in 

8 14125(b](4] 'and 541!25(631(3]. 
(2) A State  shall deteTmin'e what 

systems are vulnerable, to beta  and 
photon emitting sources. States  shall 
specify the proqedures they will use to 
decide which systems are vulnerable. 
Vulnerability of each public water 
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system shall be determined by the State 
'based upon an assessment of the 
following factors: 

potentially discharging source, such as a 
nuclear power facility, or where there is 

. .  a commercial or industrial use, disposal, 
,or storage of the materials; ,, , 

(ii) Previous monitoring results; and 
[iii) Use of water  influenced,by a 

nuclear power facility or other potential 
discharger. 

5. A new 0 142.65 is added  to sabpart 
G to read as follows: 

(i) Proximity of water  system  to a 

$142.65  ,Variances  and  Exemptions  from 
the  maximum  contaminant  levels for the 
radionuclide  contaminants  listed  in 
$141.64. 

(a) The Administrator, pursuant to 
section 1415(a](l)(A) of the Act, hereby 
identifies the folloying as the best 
technology, treatment techniques, or 
other means,  available for achieving 
coppliance Vith the maximum 
contaminant levels for the radionuclides 
listed ,in '0 141.64, for the purpose of 
issuing wariances and exemptions., 

. ,  

BAT FOR RADIONUCLIDES LISTED IN 
0 141.64 ' 

Contaminant BAT. 

Radon  222 ............................................. 

2,3,4,5. Uranium (N) .......................................... 
2,3,4. Radium  228 ........................................... 
2.3.4. Radium  226 .............. ' 2  ........... :..: .......... 
1. 

.Gross alpha  particle.emitters .............. 3. 
Gross beta particle and photon ,3,6.'' 

, .  

emitters. 

Key to BATS  in  table: , 
1 =Aeration:,  Packed  Tower,  spray, slat tray  and 

2=lon exchange: 
3=Reverse  osmosis. 
4 =Lime  softening:  except  for  systems  serving 500 

or fewer  connections. . 
5=Coagulation/filtration: except, for  systems  serv- 

ing 500 or  fewer  connections. 
6=Mixed bed ion exchange. 

other  forms. 

(b] A, State  shall require community 
water systems and  non-transient, non- 
community water systems to install 
andlor  use,any treatment method 
identified in 0 141:64 as a condition for 
granting a variance  except as provided 
in paragraph,(c) of this section. If, after 
the system's installation of the treatment 
method, the system cannot meet the 
MCL, that system shall be eligible  for a 
vaGiance under the provisions of section 
1415(a)(l)(A) of the Act. 

(c),If a system can demons'trate 
through cpmprehensive engineering 
asse,ssme,$, which may include pilot 

plant  studies  that the treatment-methods 
identified in 8 141.64 would only achieve 
a de minimis reduction in contaminants, 
the State may issue a schedule of 
compliance that requires the  system 
being granted the variance to examine 
other  treatment  methods as a condition 
of obtainirig the variance. 

treatment method identified in 
paragraph (c] of this section is 
technically feasible,. $e. Administrator 
or primary State may .require the system 
to.instal1 and/or use that  treatment 
method connection with,a compliance 
schedule issued under the provisions of 
section 1415(a](lj[A] of the &et. The 
State's  determination shall be' based 
upon studies  by the system and other 
relevant in'formation. ~ ,, , 

(e), The State may require: a public 
water  system  to bse bottled  water 
{except .for padon] brmbther .means as a 
condition.of grant ie  a var'iance or an 
exemptionmfrom the 'qe@irements of 
0 141.64,  td avoid an Theasonable risk 
to health.'Granular activated  carbon 
point-of-use,,device.s cannot?be  used as a 
means of beihg ,granted a variance or an 
exemption'for radon. 

( f )  Pu~l ic  water  systems  that  use 
bottled  .water,,as .a cQndition for 
receiving a variance or an exemption 
from,J,the, req@xi%ents  of 0 141.64 must 
meet  the fpllow$rig rgguirements. Bottled 
wader cayino't .bd !used as a means of 
being g5anted a trariance or an 
exeqt lon  for dhq?. 

(I] The A&ni$ktrator or primacy 
State must requireland approve a 
monitoring QrogTa$for bottled water. 
The ppblic water sxpfem must develop 
and pbt in place a, qionitoring program 
that provides reasonable  assurances 
that the bottled  water,meets  all MCLs. 
The public water  system must monitor a 
representative,  sample of the bottled 
watdi%r 911 lcoptadixiants wider 
regul&ed'§ i41:?4 #e,,first quarter  that  it 
supplies that'bottled  water to the public, 
and a~~nual ly  tih;ereafter. Results of the 
mo!$tor@ program,Shall be provided to 
the Sfate  aqkally;, or , (t] ' , ,~ he ,puljlic-wper  system must 
recei T B a 'ceiyiYfi+altion from the bottled 
water  company'that the bottled  water 
suppli& haS'ilsbden taken from an 
"aplptqved styce"i ;as 'defined in 21 CFR 
129:3lja); the $ot!led: y t e r  company has 
condqcted mbnktdring in accordance 
with 21 CFR 129.8O[g) (1) through (3): 
and 'the bottled'warer  does not exceed 
any ~ C L S  orli,~qd a 1't i, y iimits as set out in 

(d) If the State determines that a 

, I /  

, i  

21 CFR 103.35,,  110, and 129. The public 8 
water system shall provide the 
certification to the State the first quarter .$ 
after  it supplies bottled water  and +j 
annually 'thereafter; and a 1 

431 n e  public water  system  is fully 
responsible for the provision of 
sufficient quantities of bottled water to 
every person suppliedlby  the public 
water system, via door-to-door bottled 
water delivery. 

(g] Public.water  systems that use 
point-of-use devices as  a,condition for 
obtaining a.variance or ansexemption 
from NPDWRs for Radionuclides 
(except 'radob, as POU treatment is  not 
allowed for variances to the radon MCL) 
must meet the following  reqtiirements: 

(1) It is the responsibility of the public 
water  systemto-ope@e  and!:m~intain 
the point-pf&e de+& 

(21 The public wate?  system must 
develop 'a, monitoring plan and obtain 
Sfate appro%al for f&e,p la~  biefore point- 
of-ase devices are ~h~ ta l l ed  for 
compliance. This monito$ng plan must 
provide health prot+fionf8eqyivalent to a 
monitoring plan fot dentral water 
treatment. ' . I  

propeqly applied under a 'plan Upproved 
by'the State. , ,,, 

(4) The State musf require1,ade;quate 
certification of per€drmance,!sfield 
testing, and if not irikludea the 
certification proces;?, .a rigorbus 
engineering design &Gew of the$point- 
of-use devices. ' ' 

(5) The design and'application of the 
point-of-use devices; must consider the 
tendency for an increase in 
heterotrophic bactejia concentrations in 
water  treated with ectpated carbon. It 
may be  necessary tq 'use frequent 
backwashing, post-,contactor 
disinfection, and Hdterotrophic Plate 
Count monitoring  to .ensure that the 
microbiological safety of the water is 
not compromised. '!, 

(6) All consumers shall be protected. 
Every building connected, to the system 
must have a point-of-use.device 
installed, maintained, and adequately 
monitored. The State must be  assured 
that every building i s  subject to 
treatment and moniToring and  that the 
rights and responsibilities of the public 
water system customer convey with title 
upon sale of property. 
[FR Doc. 91-16523 k e d  7-17-91;  Et45 am] 
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(3) Effe,'htive technology must be 
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